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PART II 


History of Astronomy during the Siddhantic and Modern periods: 


PREFACE 


A treatise in Marathi “Bharatiya Jyotish Sastracha. Prachin Ani Arvachin 
Itihas” by Sankar Balakrishna Dikshit, first published in the year 1896, is 
perhaps the only book on the history ofthe Indian Astronomy from ancient 
to modern times. Publication of an English translation of this monumental 
work was undertaken by the Meteorological Department of India in 
accordance with a recommendation by the late Professor M.'N. Saha, D.Sc., 
F.R.S., Chairman of the Calendar Reform Committee. The first part of the 
English translation of this treatise, namely, “Bharatiya Jyotish Sastra, Part T” 
containing a history of Indian Astronomy in the Vedic and Vedanga period 
from ancient times upto 1000 B.C. was published by this department in 1968. 
The present volume contains ar English translation of the remaining parts of 
the original treatise on the Siddhantic and the Mcdern periods. 


` The translation of this treatise from Marathi to English was made by the 
late Professor R. V. Vaidya, a Marathi scholar and former Superintendent of 
Shree Jiwaji Observatory of Ujjain. He was also a member of the Calendar 
Reform Committee. This translation was also touched up by the late 
Professor P. C. Sen Gupta, a renowned Professor of Hindu Astronomy of the. 
Calcutta University. The final editing of this volume has been made under the 
supervision of Shri A. Bandyopadhyay; Director, Positional Astronomy 
Centre of the Department at Calcutta. We exbect this English translation 
of Dikshit's excellent treatise will help scholars, both in India and 
abroad, to appreciate the remarkable achievement of Indian Astronomy 
during the ancient and medieval pericds. 


iis das Department, ') 

usam Bhavan, Lodi Road, 

New Delhi-110003. L RDA 

16 September, 1981 Cg. Director General of Meteorolo ay. 
(25 Bhadra, 1903 S.E.) j 
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PART TWO 


HISTORY OF ASTRONOMY 
IN 


JYOTISA SIDDHĀNTA PERIOD 
1 GAŅITA SKANDHA (MATHEMATICAL BRANCH) 


A: Madhyamādhikāra (Adhikāra on Mean Places) 
CHAPTER I l 


History of astronomical Works and Ccmputation of mean places of 
Planets eic. 


FOREWARD 


As mentioned in the INTRODUCTION,* the author proposes to discuss the 
History of the science of Astronomy from about 500 years before Saka era 
to this day ; and in the beginning, this first chapter of ihe Madhyamidhikdra 
(i.e. a section on mean places) under the GAŅITA SKANDHA (i.e. a Branch of 
Mathematics) will deal with the history of astronomical works and the question 
of computing the mean motions and places of planets. 


The knowledge of astronomy as developed during the Vedic and Vedànga 
Jyotisa periods and described in Part I, was considerable as compared with 
the pace of general progress during the period; but it would appear very 
meagre, when compared with the ability (developed in a later period) to predict 
the true positions of planets. It appears that some works might have been 
compiled during the interval between these periods. There may be some 
Samhità works of that type ; but they are either not available now or have 
not been seen by him. The period of Siddhāntic 2stronomy can somehow 
be linked with the ancient period. This point will be discussed later on; but 
we have no information as to how the knowledge of astronomy reached the 
highest stage of calculating the true motions and places of planets, how obser- 
vations used to be taken and how the motions of planets were finally fixed 
after comparing the differe :t observations. The oldest of astronomical 
* (Siddhànta) works reveal a sudden rise in the standard of astronomical know- 
ledge. Those who raised the standard of such knowledge through their works 
were naturally regarded as superhuman, and thus «rose the popular belief 
that the available ancient works on mathematical astronomy are regarded as 
‘apauruseya’ (i.e. not compilce by any mortal max, and it is clear that this. 
belief has been formed later. 


- Because these works were regarded as superhuman, they naturally did 
not include the description of subjects like observations. There seems to be 
another very strong reason for this omission. Looking to the conditjons of 
those days when as a rule 'shorter the works, the easier they were to 
commit to memory’, such works dealt with only the rules of calculating the 
motions and places of planets, and they appear to have avoided length by 
omitting the underlying theory. 


*Pulished in part I of the book 
1 DGO/69 | . 2 


2 HISTORY OF ĪNDIAN ĀSTRONOMY | 


The author proposes to deal with all works on astronomy in chronological 
Order in this chapter on mean places. Their points of differences, if any, 
with matters pertaining to other Adhikāras from different works, as also some 
special points worth mentioning, have been treated in subsequent chapters ; 
otherwise, all information about the-works has been given in this very chapter 
on mean places. Some works are considered divine while some authors have 
more than one book to their credit ; hence, the following account is arranged 
under the names of authors, and at places, under the titles of their works. 


The oldest known works on astronomy are the five Siddhāntas—the Sūrya 
Siddhànta and others. These are regarded as divine. They are again of two 
„kinds. The Paficasiddhantika of Varahamihira mentions the Saura and other 
four Siddhāntas ; but at present they are not available. The Paūcasiddhāntikā 
simply provides clues to their elements. The author calls them the 'ancient 
Siddhànta Paficaka’ or ‘group of five ancient Siddhantas'. There are five 
other Siddhāntas likewise entitled the Saura, which are at present available. 
He calls them ‘the modern group of five Siddhāntas”. These will presently 
be dealt with. First he takes up for consideration the group of five ancient 
Siddhāntas. These belong to the 5th century before Saka era. Some of them 
may belong to an even earlier period. 


L4 


The group of five ancient Siddhüntas 


The following are the Siddhàntas mentioned by Varahamihira :— 
diferarereafiresg Ted tafa: ti 


Pauliša, Romaka, Vasistha, Saura and Paitamaha are the five Siddhāntas. 


The elements described by the Paficasiddhāntikā show that the Siddhāntas 
were different from the five modern Siddhàntas. Not only are these not 
available at present, but even the original work, entitled Paíicasiddhantika is 
not available and so, not much is known to any one on this side. Two copies 
of the work brought from Kashmir by Dr. Buhier are preserved in the Govern- 
ment collection of Manuscripts in the Deccan College (See Reg. No. 37 of 
1874-75 and No. 338 of 1879-80) ; but these are very incorrect and incomplete 
and one is unable to find, at places, where one àryà (couplet) ends and the 
next one begins. The author has written out for himself a copy from the two 
versions, and calculations made therefrom have shown that the Sürya and 
other Siddhàntas described in it, are different from the modern ones, in that 
they differ in the length of the year and the motions of planets. The astro- 
nomical works compiled during the Jast 800 years do not show that any ore 
knew that there existed before a Sūrya-Siddhānta different from the modern 
one. He came to know of their existence in 1887 and no doubt reed be en- 
tertained about it, since this can be proved by calculations and by other 
evidence. The booklet of the Paiicasiddhāntikā is very incorrect and the 
major portion of it is unintelligible for want of a commentary ; however mary 
important points have been understood.. *The author would, therefore, 


describe briefly the five Siddhantas in the order of the dates of their compilation 
as found by him. 


*Dr. Thibaut published m 1889 A.D. the Paficasiddhantika based on the Deccan College 
versions, It also gives a new commentary by Sudhákara Dvivedi. The author could not 
find time to read the whole of it uptil now. However all the important information which 
be could glean from the Paficasiddhantika has already been given above. 


JFOTISHA ŠIDPHANTA PERIOD 3 


a 


Varahamihira, in the very first chapter of Paficasiddbüntikü, observes as 


follows ;— 
dfaa freqerat META AAF: grew: ti 
eqseat: arfas: fa grfamečt d Y a 


“The Siddhanta made by Pauliša is accurate ; near to it stands the Siddhānta 
by Romaka ; more accurate still is the Sāvitra (Saura). The two remaining 


ones are far from truth.” i 


This shows that the Pauliša Siddhānta was very clear at the time of the 
compilation of Paficasiddhantika, which means that its calculations very 
much agreed with the actual observed positions. The Romaka was nearer 
to it in correctness. The Sürya-Siddhànta was better than both and the 
remaining two (Vasistha and Pitamaha) were far removed from correctness 
meaning that their calculations did not agree with the observed results. The 
Pitāmaha Siddhànta and Vasistha Siddhānta must have been the oldest of 
the five, and of the these two, in the author's opinion, Pitāmaha Siddhànta 
must have been the more ancient. The reasons for this will be given later on. 
Let us now consider the Pitāmaha Siddhānta. 


PITĀMAHA SIDDHĀNTA 
The Subject matter 


The basic principles underlying the Pitāmaha Siddhānta have been given 
dn the 12th chapter of the Paūcasiddhāntikā. That chapter contains only 
five arysa@ (couplets), Nowhere else in the Paficasiddhantika is found anything 
about this Siddhànta. The first two of the five couplets run thus :— 


aan: a aT aufer fuamgiefürerf n afenrafeaateataraatequeerrea 11 
am Varna caressa Tisai uw mi aafaa WATSqNURqqSHND 3 | 


“According to the teaching of Pitamaha, five years constitute a yuga of the 
‘sun and the moon. The adhimāsas occur after thirty months and an omitted 
lunar day (avam) once in sixty three days. Lessen the time of the Saka King 
by two and divide the remainder by five ; with the remaining years find the 
ahargana, counting from the first day of the light half of Magha. The Ahar- 
gana thus found begins with sunrise”. 


à The fifth couplet describes the method of calculating the length of the 
ay :— 


fart afzag (49%) wad f aada Ramata ui 


“Multiplying (the number of days elapsed after winter solstice or the 
number of days to go before the end of the ayana beginning with summer- 
Solstice) by 2 divide by 61. Add 12 (muhürtas) to the quotient, and the result 
Will be the length of the day" m 
Eu C S 


„The author copied out the couplets from the Paficasiddhantika, exactly as they are 
Written in his book. Dr. Thibaut has introduced new readings in the next and he has accepted 
nt places cnly such of them which were considered suitable. 
iet ne word ‘hinam’ in this couplet is incorrect ; the proper word must be ‘yuktam’. The 
nothi alf Of the couplet is incorrect and has not, therefore, been given here, but it means 
ing more than that has been given above within brackets. ' 
2A 
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This verse and the following, describing the method of calculating the 
naksatra, and stating that the naksatra should be counted from the Phanisthā 
onward, show that the Pitāmaha Siddhànta has scme similarity with the 
Vedanga Jyotisa system. 


Date of Compilation 


The method followed by Varāhamihira in explaining the Pitāmaha Siddhanta 
involves Saka era but it has been used simply to calculate the ‘ahargana’. 
The methods attributed to other Siddhantas also direct one to calculate the 
sahargaņa” from Saka 427. Just as this does not imply that the Siddhāntas 
were compiled (by Varāhamihira himself), in Saka 427, it cannot be taken to 
imply that the Pitamaha Siddhānta was compiled after the beginning of 
Saka era. It is evident from its similarity with the Vedaüga Jyotisa system 
that it must have been more ancient than the beginning of Saka era. There 
are, however, no means to fix up the date of its compilation. 


Aryabhata I has, in the beginning of Lasagitika written the following 
benedictory verse :— 


afaa F ue šadi qX Gat HAMA fy Tale fnr rsen Tay Ut 


“After saluting the Pitamaha (kam) who is manifold and one at the same 
time, the god of truth and the Parabrahma, Aryabhata describes the three 


subjects viz. mathematics, method of calculating time and the celestial spheree | 


and in his last couplet he observes, 
AGMA AAT qd ANA Tal Az d 


“The science known as the Aryabhatiya is the same as the science originaly 
expounded by Brahma himself". 


This shows that the Pitāmaha Siddhānta must have been ccmpiled long 
before Aryabhata lived (i.e. Saka 421) 


Brahmagupta (Saka 550) , in his Siddhānta, observes, 


TMS ngafa ugar gida wha Va aw P ade? cq fa gm HAE. 


aea 9 


“The calculation of planets’ places as propounded by Brahma has, become : 
disjointed on account of (lapse of) long time ; Brahmagvpta, the son of Jisņu, : 


is describing the same in clearer terms”. 


There are three Brahma Siddhāntas available at present. One is the. 


Brahma Siddhānta by Brahmagupta, the second, the Brahma Siddhanta ` 
mentioned in Sākalya Samhita and the third that included in Visnudharmot- : 
tarapurāņa. In the Author's view, to be explained later, the Visnudharmottara ‘; 


I 


and the Sakalyokta Brahma Siddhàntas are not older than the Brahmagupta's ; 
time, but compiled much later. The basic principles, propounded by the. 
Sakalya Brahma Siddhānta, even it be more ancient than Brahmagupta, are.. 
exactly the same as those propounded by the modern Sūrya-Siddhānta. It. 


may as well be said to be in current use and not antiquated or disjointed ; 
and it will be shown further that the Visnudharmottara Brahma Siddhànta is 
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mot similar to the Brahmagupta Siddhānta. This shows that the Brahma 
Siddhānta to which Brahmagupta has referred as containing mathematies 
explained by Brahmā, must have been different from the Brahma Siddhāntas 
of Sākalya Samhitā and Visņudharmottarapurāņa and it must be the same as 
the Pitāmaha Siddhānta of the Pañcasiddhāntikā. The Vedāħga Jyotisa 
does not deal with the calculation of planets other than the sun and the moon ; 
and the Pitāmaha Siddhànta of the Paīcasiddhāntikā also describes the cal 
culations of the sun and the moon only. Varāhamihira has given the cal- 
culations of all planets in the case of only the Sūrya-Siddhānta out of the five 
Siddhāntas and mentions nothing about the planetary calculations contained 
in the Pitāmaha Siddhānta. it must have, however, contained the calculations 
of planets as remarked by Brahmagupta, and Varāhamihira appears to have 
omitted it, on finding that it did not agree with the actual observed places 
on account of lapse of time, A Pitāmaha Siddhānta, different from the one 
described in the Pafcasiddhàntika, does not appear to have ever existed 
before Brahmagupta. The words “planetary calculations given by Brahmā” 
occurring in Brahmagupta's work must certainly be referring to the Pitàmaha 
Siddhānta of the Paficasiddhantika, and the remark, “ʻa long time has elapsed” 
also refers to the same Pitāmaha Siddhānta. It follows, therefore, that it 
must have been compiled long before the Saka era. 


Aryabhata and Brahmagupta appear to have expressed veneration for the 
Pitām aha Siddhànta only as a formality, because their siddhàntas and the 
Pita maha Siddhànta of the Paūicasiddhāntikā have nothing in common. It 
has already been pointed out in the course of the study of the Vedanga Jyotisa 
that Brahmagupta has openly found fault with the five-year Yuga system. Still, 
these arguments in no way affect theinference that there existed a Siddhānta 
knowr as the Pitamaha Siddhànta before these two astronomers lived. 


The System 


The Paiicasiddhāntikā gives in the beginning two couplets relating to the 
Pitāmaha Siddhànta, the first of which contains the expression, 
* 


ufgarafeiafgutā: 


meaning, "an intercalary month to be reckoned after 30 months”. It has 
been shown in the study of Vedanga Jyotisa that the adoption of an inftrcalary 
month after 30 months causes a grave error; but this very couplet has been 
cited by Bhatotpala in his commentary on Vrhatsamhitā in connection with 
the verse “ekaikamabdesu” in Chapter 8. The reading there is “adhimaso 
dwyagnisamairmāsaih” which means that ar intercalary month is to be re- 
ckoned after 32 months. Again the same couplet is found in the commentary 
(Chapter I) by Mahādeo on Sripati’s Ratnamala and it also gives “adhimaso 

Wyagnisamaih" as the reading. It is strange that there is room for confusion 
due to doubtful readings at such an important place. 


viz pd ip MEG that Utpala and Mahādeo changed the original reading 

se A uS hirmüsaih", why should they have substituted "dwyagnisamaib" 

and h reading ? The intercalary month occurs after more than 324 months, 

ence, they could have as well substituted some words meaning 32% or 

ue P" DE thercfore, that "dwyagnisamaih" must have been the original 

safes & According to the Vedànga Jyotisa one day (tithi) is tee aay 
ister 62 days, while the above couplet mentions the suppression of one da 


` 
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as occuring after 63 days (tifhis). This shows that the Vedanga Jyotiga and 
the Pitàmaha Siddhànta are not similar to each other completely, and this 
also lends an additional support to the view that ‘‘dwyagnisamaih” must 
have been the original reading. 


The number of intercalary months in 8 years comes to be 3 at the rate of 
one intercalary month in 32 months. This gives 99 as the number of lunar 
months in 8 years and 2970 as the number of tithis (lunar days) ; and 471; 
lunar days will be suppressed during this number of tithis at the rate of one sup- 
pressed tithi per 63 lunar days. Hence, 8 years will be equal to 29229 sāvana 
days or one year will be equivalent to 365 days and 21$ ghatis. This measure. 
of a year is more accurate than that found in the Vedātīga Jyotisa. 


The Pitimaha Siddhànta existed before Āryabhata, Varāhamihira, and 
Brahmagupta. As it had fallen into disuse in their times it is evident that it. 
must have beer compiled long before them. It is similar to the Vedānga 
Jyotisa but differs from it much. Brahmagupta’s statement shows that it 
(the Pitàmaha Siddhānta) contained the calculations of Mars and other planets, 
which is not given in the Vedānga Jyotisa. it proves that a more accurate 
work known as the Pitāmaha Siddhànta was compiled sometime after the 
. Vedanga Jyotisa and this is an important fact. If it were known how the 
places of Mars and other planets used to be calculated according to the Pitā- 
maha Siddhānta, it would have been found very useful in tracing the growth | 
of Indian astornomy ; but we have almost no hopes of obtaining the Pitā- 
maha Siddhānta now in its original form. 


VASISTHA, SIDDHANTA 
The Date 


The Paficasiddhantika contains 13 āryās (couplets) relating to Vasistha 
Siddhānta. The system described by it is somewhat different from that met 
with in other siddhāntic works. This fact and also the statement of Varāha- 
mihira that ** Vasistha is very inaccurate" leads one to infer that it must have 
been more ancient than the remaining three siddhārtas excepting the Pitā- 
maha Siddhānta. 


The System 


The thirteen couplets show that they mention nothing about planets other. 
than the sun and the moon. The method of calculating tithis and naksatras 
is not similar to that of the present day. It mentions the rāši (sign), armés - 
(degree) and Kala (minutes) as the units and the subject of ‘shadow’ has been 
considered at length. Something has been told about the length of 
the day and the word ‘lagna’ (ascendant) has been used in a somewhat. 
present day sense. The Vasistha Siddhānta, available at present, is in no way 
similar to the one existing before Varahamihira's time and did not exist. 
in his time. This question will be discussed again later on. 


Different versions of Vasistha and Romaka Siddhāntas 


Two versions of the Vasistha and Romaka Siddhāntas were known at the 
time of Brahmagupta (Saka 550). The case of Romaka Siddhānta will auto- 
matically be considered along with the evidence on the basis of which it is 
to be proved that there were two kinds of Vasistha Siddhāntā. Let both of 
them, therefore, be considered here together. 
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Brahmagupta says at one place in his Siddhānta, 


Afaa am aaa 11 aaa aAA RITT: KE I 
aag gY 
«[ describe the ‘naksatranayana’ i.e. the method of calculating naksatras, 


‘which has been given by other Siddhāntas viz. Pauliša, Romaka, Vásigtha, 
Saura and Paitamaha but not given by Aryabhata". 


He observes at another place, 


Vada md: quqq eura sema: 
sem. qv asma 
*"This very (beginning of a yuga) has been adopted by Sürya, Indu, Puliša 
Romaka, Vasistha and Yavana". i 


Brahmagupta has cited ds authority of the Sürya and other Siddhāntas 
because these were in his favour. The Brahmagupta Siddhānta as a. whole, 
appears to have launched a vigorous attack against Āryabhata and others. 
He is, as it were, showering volleys of vituperation. Even then he has not 
made any direct attack against the group of first (Sūryādi) five Siddhàntal 
except the Romaka, and he has explicitly found fault with the Pattern, ony 
once, as may be seen from the following couplet :— | i 


WAGIH AT: PIRKT: ATAT: 11 
araa Us d vnfasngt AAFAA 11 %3 odi : 
— sum t. 


“The smrti works mention yuga, manvan£ara and kalpa as the broad 
Sos of time. The Romaka has violated the Smrtis since it does not mention 
them”. l 


Brahmagupta, at another place, observes, 


anaiai menfa T I 
qaga afa A r RRT |1 ve R 
TPTaT au ama alfaen fasera fessa TaT i 
aAa aoea s ve u] 
»frqur« Taka Ceara: FA: FIAT N 
ate gar TAT ET tt wo d 

eum $$. 


The gist 


“Srisena has compiled a ‘kantha’ (i.e. a patch work) entitled as Romaka, 
_ by borrowing elements from different Siddhāntas, e.g. (i) mean sun and moon, 
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moon’s apogee, moon’s node, Mars, Mercury, Jupiter, Venus, and Saturn 
from Lata’s work (ii) elapsed years of yugas and bhagana (sidereal revolutions) 
from Vasistha (iii) the pada (quadrants) from Vijayanandi's works and (iv) 
mandocca, aphelia, -paridhi (epicycle), nodes of planetary orbits and calcu- 
lations of true places from Aryabhatiya. Visnucandra has similarly, compiled 
the Vasistha Siddhānta by borrowing the same elements”. - 


It has been said above that Visnucandra has borrowed the same elements 
from other works in compiling the Vasistha Siddhānta as Srisena had borrowed 
in compiling the Romaka Siddhànta, and it has also been observed that 
Srisena took the bhaganas and the elapsed years of yugas from the Vasistha 
This shows that Visnucandra also adopted the same elements from the Vasistha 
Siddhànta and other information from other Siddhāntas and compiled another 
Vasistha Siddhānta. * It, therefore, shows that there existed two kinds of 
Vasistha Siddhāntas and that this was known to Brahmagupta. One of them : 
was the.original Vasistha Siddhānta and the other was Visnucandra's Vasistha 
Siddhànta, compiled by borrowing some elements from the first. 


It bas already been remarked before that Brahmagupta has abused Romaka 
Siddhānta as ‘a violator of Smrti’, because it does not give the time units of 
yuga, manvantara and kalpa ; but it has also beer, shown above that Brahma- 
gupta himself says that Srisena picked up the figures for ‘elapsed years of yuga”, 
from the Vasistha Siddhanta while compiling the Romoka Siddhānta. Simi- 
larly, he again observes, 2 i 


Marat eR Aa: t l 
l l Ho %% grat VY. 
AUNT: MPA AAT eger Temm] 11 sf WU ST: 
| ca Ho R Alo VR. 


“That Srisena, Visnucandra ard other authors have mentioned *Mahàyugas 
as a multiplicity of yugas”... 


“Srisena has not given true positions of Mars and others from the com- 
mencement of a yuga, as is done by Aryabhata, but from the -beginning of 
Mesa". d 


Thus, according to the statement of Brahmagupta- himself, the Romaka 
Siddhānta by Srisena did contain the yuga system and' from this (it can be 
inferred that) there were two siddhāntas named Romaka, at the time of Brahma- 
gupta— the one known as the original Romaka Siddhānta and the other, 
that ‘compiled by Srisena'. l 


Most of the names of astronomers whọ lived before Brahmagupta and who 
have been mentioned in his Siddbānta, are found in the Paficasiddhantika. 
However, the names of Srisena and Visnucandra are not found in the Pañca- 
siddhāntikā which mertions only one Siddhānta each, named as Vašistha and 
Romaka. This goes to show that Srisena's Romaka Siddhànta and Višņu- 
candra's Vasistha did not exist before Saka 427, and that only the original 
Romaka Siddhauta and the original Vasistha Siddhānta existed then and 
these are given in the Paficasiddhantika only in summary form. According 
to Brahmagupta, Srisena and Visnucandra borrowed the method of finding 
true places from Āryabhata. This also shows that they compiled their res- 
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pective Siddhāntas after Saka 421 while the Paūcasiddhāntikā leads to the 
conclusion that they were compiled after the Saka 427. 


ROMAKA SIDDHĀNTA 


It has been pointed out above that out of thc two Romaka Siddhàntas 
«described, only the original Romaka Siddhānta existed at the time of the 
Paiicasiddhāntikā. Let us now consider this Romaka Siddhanta. 


A large portion of the Patücasiddhantika has been devoted to Romaka 
Siddhānta. Three couplets of the first chapter beginning from the 8th describe 
"ihe method of finding the 'ahargana'. The fitteenth couplet mentions the 
intercalary months and the suppressed tithi. All the 18 ‘dryads’ of the 8th 
chapter are devoted to.Romaka Siddhanta. ‘They describe the calculations 
„Of the sun and moon, their true places and the method of calculating solar 
and lunar eclipses. 


The very first couplet giving the method of calculating the ‘ahargana’ 
according to the Romaka Siddhānta runs thus :— 


aes (Vo) TT THRAAME FLITE 01 
saa Wey aaa WTHÍRSu: 11 5 odi 
em %. 


“Deduct the Saka year 427 from the number of that year for which the 
ahargaņa is wanted at the beginning of the light half of Caitra, when the sun 
was balfset in Yavanapura, at the beginning of Tuesday”. 


This shows that the first lunar day of Caitra was a Tuesday. 


A Karaņa work is required to give the positions of planets as at the beginning 
or epoch of that work, for finding the planetary positions. These positions 
Are termed 'ksepaka'. The ‘ksepakas’ as mentioned by the Paficasiddhantika 
prove to be true for the mean Mesadi (Sun’s entry into Aries), falling on the 
14th Lunar day of the dark half of ‘amanta’Caitra of Saka 427 ; i.e. on Sunday, 
the 20th of March, 505 A.D. There is no doubt that some of them are trué 
for the moon and others for the midnight of that date. This point will be 
more clearly explained in the study of the Sūrya-Siddhānta later on. The 
next Sukla ‘pratipada’ (i.e. the first lunar day) after the 14th day of the dark. 
half of Caitra, i.e. the first day of the light half of Vaišākha, is seen to fall on 
Tuesday. Evidently this very 'pratipadà' was called the 'Caitra-šukla- 
pratipada’, by Varāhamihira (otherwise, by no other method the Caitra-šukla- . 
Pratipada of Saka 427, can be shown to fall on Tuesday), and it was no doubt 
correct that the ‘ahargana’ is required to be calculated from that day. Varaha- 
mihira appears to have adopted this epoch, because it is convenient to calculate 
positions from those on the Ist day of the light half. It is a well known fact 
of mathematical astronomy that the 'ahargana' calculated with the help of 
any “Karana work’ proves to be correct within a day, and it has to be verified 
ne the help of the day of the week. It may now be questioned as to why 
3 e Vaiśākha śukla-pratipadā could have been called the Caitra-śukla-pratipadā 
by Varāha. ] have absolutely no doubt that the šukla-pratipadā following 
the day for which the Ksepakas are given is the first day of the Vaisakha-$ukla- 
halfmonth of Saka 427 according to the 'amànta' system. ‘The Caitra is 
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defined as that ending tunar month which ends while the sun is in Mega (Aries) -- 
„As the sun is found to be in Mesa at the end of that amāvāsyā which fell on. 
the day, next to the day for which the elements have been given irrespective 
‘of whether a mean or a true Mesa was reckoned ; and hence, according to the 
above definition the amānta lunar month which ended with the amāvāsyā. 
must be termed as Caitra, and Vaisékha commenced on Tuesday i.e. the next 
day. But a lunar month belonging to the. pūrņimānta system ends on the 
full moon. day, and hence, the full moon day belonging to that light half which 
commenced just after the ‘ksepaka’ day . will coincide with the end of the 
lunar month. The calculations made on the basis of ‘ksepakas’ given by 

Paücasiddhantika show that the sun still occupied the Mesa sign, and, hence 

that lunar month naturally received Caitra as its name. The author does. 
not find any other convincing theory to explain how that month could be 

termed Caitra. The pūrņimānta system has remained in vogue in Northern 
India from a very ancient time. ` Even though the ‘pirnimanta’ system is still 
in vogue there, the lunar months are not named according to the system described. 
above ; but it appears that the system must have been in use in its pure form 
at the time of Varahamihira. : l 


The first couplet of tlie 8th Chapter gives tae method of finding the sun's. 
place according to the Romaka Siddhānta :— , 


Sanaat area efufa(tuo) vmm Tang (sx) ata ut 
Wedteesqurpdíkqt wYeso ZITA AAT: V: N 


“Multiply the ahargaņa by 150, deduct 65, and divide the remainder by- 
54787 ; the result is the mean longitude of the syn”. l 


The sun’s position is obtained by multiplying the ahargana by 150, sub-- 
tracting 65 from the product and by dividing the remainder by 54787: The: 
number 65 is to be subtracted from this because of the Ksepaka. The figure: 
denoting the sun’s longitude is obtained in terms of bhaganas etc. (the btiagana. 
meatis a complete sidereal revolution of a planet through the Zodiac.) There 
is: no doubt about this, although it is not explicit in the couplet. The sun 

«makes 150 complete revolutions in 54787 days and hence, one revolution. 
requires exactly 365 days 14 ghatis 48 patas. This is, therefore, the measure 
of a year according to Romaka. The modern Strya-Siddhānta gives 365d. 
15g 3tp 3t-4v. as the measure. Brahmagupta kas blamed Romaka for not. 
giving measures of yuga and other units, as is done by other Siddhāntas and. 
the following discussion will show. that it is true. In order to facilitate the- 
comparison of Romaka with other Siddhāntas, below the figures are given. 
indicating the number of revolutions and other measures relating to the moon. 
in one Matdyuga i.e., in 4320000 years, which are derived from the. elements. 
given by Romaka. The couplets from the Paiicasiddhāntikā on the basis of 
which these have been calculated are as follows :— 


ARRS A THAT TTTTA: (2S Ko ) 
@frafeat (roxo) fumer: aafaa: (Veuve) THAT: ti 2X tt 
IA t. 


*Romaka's yuga consisted of 2850 years. During this period, the number 


: sx. - ; 2 
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of intercalary months is 1050 and that of pralaya's or proe tthis ie 
16547”. . 
ÄRR (Rro) RAIAT (Fok) ECCE "ol 
EAA (3o32) NTS WMATA 00 % I 
sasea (3 Y) "feri TIA TAIT ERI. (43) UY 11 
waedneafte (263222) Kā... s | 
SIEHT =, 


*(5) Multiply the ahargana by 110, add 609, and divide by 3031; thē: 
guotient gives the position of the moon's kendra at Sunset at Avantī. o 


i (8) Multiply the ahargaņa by 24, add 56266 and divide by 163111 ; the: 

result is the successive position Gn revolutions, signs, etc.) of Rāhu (i.e. the 
moon's ascending node), reckoning backwards from the end of Pisces (i.e. the 
first point of Aries). (24 revolutions of Rahu are supposed to take piace: in. 
. 163111 sāvanadays)”. 


The following fir gures denoting several astronomical measures are derived 
from these couplets and from the above couplet describing the calculation of 
the sun's position and. that describing the calculation of ahargana. | 


H 


During one. During a i 3 
è Number giving Maháyuga s of 
j 4320000 Jedfs «2850 y years- 
^ Revolutions of stars 1582185600 1045303. .'. 
- Revolutions of the Sun . " 4320000 | 2898 
‘Sdyana days L. doki lg? pērs 1577665600 - 3080955 — 
2 A T" ec . 18 a E : ts 
' Revolutions of the Moon 51151578 — 39100. - 
i i 19. ASE 
gl bē 13788 28 
Revelutions of the Moon's apogee. . 488258— — |. 322——— 
57589 3831 
109085 . 20889 ` 
Revolutions of Moon's ascending node 32165—--— 153—-—— 
163111 163111. 
Solar Months 51840000 . 34200 
; 18: n 
Fūtercalary Months ” TEN 1591578— 1058. ` 
19 
- . 18 MP 
Lunar Months 53431578— 35250. 
| 19 
oe 8 | 
ithis- 1602947368—- 1057500 
i 19 
8. 
Suppressed Tithis . 25081768— 16547 
19 


The numbers showing the revolutions of the mcon etc. in one Mahàyuga 
are not integral numbers. Hence, the sun and the moon, according to Remaka, 
will not, like other Siddhàntas, ccme together in the beginning of the Kaliyuga 
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era Mahāyuga. Similarly, the number of lurar months is also not an integral 
aumber and the Romaka's yuga has been stated to consist of 2850 years. 
This shows that the Romaka Siddhānta has not followed the system of adopt- 
ing 4320000 years as the measure for a Mahāyuga. 


The couplet describing the method of calculating the moon's place i is very 
incorrect. The author could not calculate the number of the moon's revolutions ` 
from it ; these have been calculated by a.different method. 


The ksepakas at the epoch of the Karaņa work are found to be as follows :— 


Sun M : . 118 29° 34 23” Moon’s Kendra i 2s 12° 19 57 
Moon . A „ H 29. 18 50 Moon’s Becencing | 
: Node he NE 7 25 49 3 


The Ksepakas are true for the moment of sunset at Ujjayini on Sunday the 
"14th lurar tithi of Caitra Krsņa, Saka 427 (i.e. 20th. March 505 A.D.). 


Hipparchus, the Greek astronomer, lived about 150 B.C. His figure for 


. the length of the year exactly. tallies with that of the Romaka (viz. 3654— 
14gh.—48pal.) 


The work of Hipparchus is not available at * present, but he 
„had compiled tables for calculating the positions of the sun and the moon 
only and not for calculatirg the planets. Well known European astronomers 
say that the latter were compiled by Ptolemy on the basis of the principles 
of Hipparchus. They also admit* that the principles of Greek astronomy 
had already reached India long before Ptolemy’s time. .The Romaka Siddhānta 
gives the calculations of only the sun and the moon, and its measure 
. of the year is found in no other Siddhānta. It does not describe ‘the uni- 
'versally accepted yuga system’ and its name. Romaka appears to be western. 
All these things go to show that the original Romaka Siddhanta was compiled 
on the lines of the work of Hipparchus, and it must have been a after 
150 B.C. and before Ptolemy’s time i.e. 150 A.D. 


It has already been shown above that the Paitamaha and Vasistha Siddhantas 
were older than the Romaka. Similarly, it is thought that even the Sūrya 
Siddhānta and the Pulisa Siddhānta of the Paficasiddhantika are more ancient 
than the Romaka ; for, it is obvious from Brahmagupta’s work, that the other 
‘four Siddhāntas were regarded with more veneration than the Romaka. He 
has nowhere blamed any of the four works. After the time of Brahmagupta, 
the Romaka Siddhanta appears to have gone quite out of use, both in its 
original form and the form in which it was recast by Šrīgeņa. Utpala has 
nowhere made references to the Romaka on any occasion in his discussion of 
planetary calculations in his commentary on the Brhatsamhitā, but he has 
cited the authority of the four Siddhāntas, viz., those by Puliša, Sürya, Ārya- 
bhatai or by Brahmagupta. The original Romaka Siddhànta seems to have dis- 
appeared in its original form at the time of Utpala. The Romaka Siddhānta 
of the present day gives elements according to the modern Sürya Siddhānta 
and not according to any other Siddhānta ; and even this Romaka Siddhānta 
is not much known to any one now-a-days. This shows that the veneration 
which the other Siddhāntas, out of the group of five, enjoy, is cue to their 
being much more ancient than the Romaka. 


*See Grant’s History of Physical Astronomy [Introuction page wt and page 439); 
similarly, see English tra pslation of Sūrya Siddhānta, by Burgess, page 330 
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One more important proof about the Romāka being more modern han. 
the five Siddhàntas is given below : 


Measures of the year according to different works on astronomy. 


M Days Ghati Pala Vipaļa Prativipala: - 


t ku Doma 


Vedānga Jyotisa . ku M 366 : 
Paficasiddhantika group : m 
Pitāmaha Siddhānta . 3 «365 21 25 . 
Vasistha Siddhānta : ae ES šu 
Puliga Siddhānta . , - ^ - - 365 15 30 . 
Sūrya Siddhānta : "- oh : 365 15 31 30; 
Romaka Siddhānta ^ . . 365 14 48 $ 
First Ārya Siddhānta . . i . 365 15 31 15 p 
Brahmagupta Siddhànta . f ; 365 15 30 | 22 30 
(Modern group) " . 
Sürya, Vasistha, Šākalya, Romaka and 
Soma Siddhāntas . -> A 4 365 15 ` 31 31 24 
Second Ārya Siddhānta > -  . 365 15 . 3117. 6 
dou zs tī ļ 365 15 3i- 17 174 
Karana Kutūhala etc. . : 


Out of these figures indicating the measure of the year, none eXcept that: 
of Romaka are found to be smaller than 365d—15gh—30p, and none, excepting. 
that of the Vedanga Jyotisa and the Pitàmaha Siddhānta, greater than 365d— . 
15gh—32p. In other words, leaving aside the case of Vedanga Jyotisa and. 
Pitāmaha Siddhānta, none of the rest, except the Romaka, differ from one 
another by more than 2 palas. Had Romaka been older than the Pulisa 
Siddhànta and the Saura Siddhānta of the Paficasiddhantika, all of them would. 
- have taken the same year measure, as the Romaka or one with a slight variation, 

and they could not have strayed very far from the Romaka. This proves 
beyond doubt that the Puliša and Saura Siddhāntas were older’ than the 


Remaka. It seems beyond doubt that afl the Siddhàntas of ihe Paūcasiddhān- 
tikā belonged to a pre Saka period. 


It is Dr. Thibaut's opinion that the Romaka'and the Puliša Siddhāntas. 
- of the Paficasiddhantika are “not more modern than 400 A.D." He means* 
to say that these two were ccmpiled about the year 400 A.D. and the other 
Siddhantas of the Paficasiddhantika group were also compiled about the 
same year. But the above discussion will show that his view is erroneous. 


Tbe figures showing the number of revolutions and other elements, as 
given ir the Romaka Siddhānta, which is available at present, are given later 
on. A comparison of these figures with the foregoing ones will show that. 
there is absolutely no similarity between them. This shows that the modern 
Romaka Sidchanta did not exist before Saka 427. 


The question whether the modern Romaka Siddhanta is the same as that 
compiled by Šrīgeņa and whether the modern Vasistha Siddhànta was com- 
piled by Visnucandra, will be discussed later on. 
mieti aa 


—— — —— — ——  — MlM 


*See Introduction page LX of Palicasiddhantika by Dr. Thibaut 
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PULIŠA SIDDHĀNTA 


A large part of the Paficasiddhantika is devoted to the Puliša Siddhanta 
It is stated in the 10th couplet of the first Chapter that Romaka’s s 'ahargapa' 
is very nearly equal to that of the Puliša Siddhanta. Then follows the cal- 
" culation of the place of the fumimaries etc. and of the eclipses of the sun and 
the mooz. 


It has not at all been stated what the motions and places of Mars and other 
planets are according to the Puliša Siddhānta ; but the last couplet states that 
“the planets have thus been described according to the Puliša Siddhāvta”” 
and which shows that about 16 ‘aryas’ in the end mention something from 
Puliéa Siddhànta about their direct and retrograde n motions, and the rise: 
and set of planets. 


"The elements pertaining to the Pulića Siddhānta are found to be as follows : 


arā (to) cafiagarat (33) ana Saray: (353%) 11 
ga PASTA Wem... n Y 1 | 
ETT — fate (323) FR 1 
mT MENT aream RATT: 11 %% ul 
afamar Cel: Wig STET ARAARA: Ww YR UU 


M "(14) Multiply the ahargana by 120, deduct 33, and divide by 43831 

the result is the mean longitude of the sun in due order. (41) Multiply the 
ahargaņa by 8 and divide the product by 151; the quotient indicates the 
degrees of Rāhu (i.e. the moon's ascending node) to which as many minutes 
have to be added, as there are complete revolutions. (42) This is: a stanzas 
‘Stating certain correction to be apphed to the place of the moon's node as 
. found according to the above rule. Apparently 25 minutes have to be de- 
None from that place. We do not know what is meant tby ea pha 
Rāhoh” 


These couplets are found in the due following the one consisting of the 
first 25 āryās, and they form part:of the passages attributed to the Puliša 
-Siddhànta. "The elements derivea from these āryās are as follows :— 


The measure of the year . ; : ^ . 365d I5gh  30pal 
Number of Sāvana days in one Mahayuga . | . 1577916000 
I . 65703915 
No. of revolutions of Rāhu S i . 2232227———— 
| 67946855 . 
Period of Rahu’s one revolution ; ‘ ; 6794d 4lgh 18pal: 


This gives for the measure of the year a figure different fron that of other 
Siddhantas. Similarly, the period of'the revolution of Rāhu (the moon’s 
ascending node) is-also somewhat different.. 


The Paficasiddhantika mentions other things from the Puliša Siddhānta 
which include the question of true places of the sun and the moon. It des- 
cribes the method of finding ‘carakhandas’ (groups of ascensional differences) 
from the ‘palabha’ (the noon shadow on equinoctial. day), and calculating 
therefrom the length of the day ; terrestrial longitudes too have been considered. 
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od of calculating the tithi and naksatra is similar to one of tlie present 
bep cludes the explanation of the 'karapas' ard ‘Maha D Kas 
parallds of the declination of the sun and the moen). The question of-eclipses 
is also considered and’ the method is almost similar to that of other modern 


The study ef the direct and retrograde motions of ‘ts is 
Khandakhád 


similar to that described in the work entitled Khang a 
‘cara’ (ascensional difference) quotes the followmg couplet. tay 


agaa teg: Ta (o) denan (2/3) qu: 1 
garai fasta: (&) Area ena | 


"The Yavana mentions 7gh 20pal. as the ‘cara’ for Ujjayini and 9 ghatis 
for Varanasi. The method of calculating it, ig described elsewhere". 


The word mentions, as in Vedārīga Jyotiga, dinamānavrddhi, or the increase 
in the length of a day at the end of Udagayana as compared with that at the 
‘end of the Daksinayana. According to the sayana almanac, the minimum 
and the maximum length of the day at Ujjayinī are 26gh. 26pal. and 33gh:34pal. 
respectively ; that is, the difference between the two amounts to 7gh. 8p. 
According to the Grahalāghava these values are 26gh. 21p. and 33gh. 39p 
respectively and the difference is equal to 7gh. 18p. These have been calculated 
by assuming 5-8 as the palabha for Ujjayini. Pandit Bāpūdeva šāstrī gives in 
-hiş almanac, the maximum length of the day at Varanasi to be 33gh. Sp. and 
the minimum length as- 26gh. 4HP. The difference between the two 
comes to be 7gh. 52p. This has been calculated on the basis of 5-40 as the 
palabha at Varanasi. Assuming this very value for Varanasi, the Grahalaghava 
calculation shows 8gh. 4pal. as the difference between the two lengths. Assum- 

* ing 6-15 as the palabhā, one gets a difference of about 9 ghatis on the basis 
of Pulisa’s “Carakhanda’ as given by the Paūcasiddhāntikā. . 


The third couplet in the Paficasiddhantika shows that Latadeva has written 
-à commentary on the Pauliša Siddhanta. 


The author has neither seen nor heard of any Pulisa Siddhānta of any kind 
being available at present. Utpala has incidentally quoted about 35 couplets 
from the Puliša Siddhānta as authority in his commentary on the Brhatsamhita. 
“They contain the number of revolutions and other important elements given 


-by the Puliša Siddhānta. Those coupiets 4s collected in one place are, there- 
fore, quoted below : — 


aafaa aia: waa KRKA (p cated TATA RAT dave 11 
(The meaning is not quite clear) 


"The number of years* in a Krta yuga is obtained by multiplying 48 by 
100 and that in the successive Yugas is obtained after multiplying 100 the 
number 48 diminished by its quarter (i.e. 12) successively”. 


ae is a unit (ekatvam) to start with in the case of cach kind of ‘planetery’ 


(* Footnote by the translator ;— 
kin Although the text quotes ‘amSah’ as the word, the manuscript, which I could see by the 
there ission of the local Scindia Institute, gives the word '*abdahb", and the explanation 

Shows that the Mahāyuga (which was rendered as the ‘divine yuga' by the later astro- 


Homers) consisted of (4800.1 3600-I-24004-1200— 12,000 ) Accordi h ili 
system, the year was of 4 kind A : = UU years). Accordmg*to the prevailing 
COrtesponding dencmnieat 20. s and consisted of 4 kinds of months, each of 30 days of the 
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AANA $uXu3o0ooo BK JARANA AFA (1&o3oooeco)i|1 
AK yfai: $3958 tesoo qfaprmorfasarfa 622 400050 MAT U 


“The natural yuga is termed ‘s@vana’ (civil). That which is reckoned after: 
calculating number of days in the joint revolutions of the sun and the moon. 
as Candra (Lunar) ; the Saurd or solar (yuga) is "the heap" of solar days ;. 
and the number of days in the revolution of the moon constitutes a Naksaira. 


(sidereal) yuga”. 
araia mad (4320000) ATRI AT AR Uu 
THA GIBT AT TT: (w9943331) N 


“The sun completes 4320000 revolutions in one.yuga, while the moon. 
makes 57753336 revolutions (in the same period)”. 


afam: sefia aeea Ce T: (2483331) t 
uud ga gang gatigut: i 
fafaeTaT: erasp arta ERRANA: (Rosso) 11 


“The intercalary months (adhimāsas) in a yuga amount to 1593336. The: 
number of luni-solar conjunctions is equal to the difference between the 
bhaganas of the sun and the moon. The number of suppressed tithis is 
25082280”. 


«atdarnfrmaat mated: (2344300000) Wada d fq: u 
faat (?) tee faa usa FRAT 11 

AFA ta ga TTT TU: qaum (?499&995oo) «TOT I 
MAT araa aaa (? ) Talal: (%432400050) il, 


“The measure of the Savana yuga is 1555200000 days, that of Lunar yuga is. 
1603000080, of Solar yuga is 1577917800 and of Sidereal yuga is 1732606080.” 


GG ATTIE feast, qersez ME, favi FE 11 
Uda afa armatas: 1i 
“Six ‘pranas’ make a ‘vinadi’, sixty vinadis make a nādikā (or ghatikā),. 


sixty nādikās make a day ; thirty such days make a month and twelve mon'hs 
make a year." 


qatg AIT fumum, qafe Hal, qr 11 
gegia fa ATRI IRT TD |i 
"Sixty 'tatpars' make a 'Vikalà', sixty *vikalās” make a ‘kala’ (minute), 
sixty *kalas' make an ‘amsSa’ (degree), thirty degrees make a rāši (sign) and 
twelve rasis make a ‘Bhacakra’ (Zodiacal circuit). 
aR: qTqafaud: aug (venoooco) rdtgudtāfēd: 
TTT: seg afearaaqeed He |1 
geared d feaar fasiuT: urea i 
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. “We get the number of suppressed days with the help of the number of 
solar days in the yuga and the difference (47800080) between the measures of 
the lunar and sāvana yugas. When all the four results can be obtained by 
means of the above figures, where is the need of remembering the results 
individually ? Whatever results we thus obtain, indicate the number of days 
in the Sāvana and other kinds of Yugas." 

daria aa AmA (RV Es). afit: i 
daoa aaga aP: (1oe39oo0) TTT i 
ATF AAS TATA (3&Y330) wis: 11 
emeqqedaue (?) mH (eox38356) uftaemti 11 
saaa qian: (fvsusv) Te; qeavial fasrevaq 1 
“These verses give the number of revolutions which each planet makes in a 
uga. Mars makes 2296824 ; Mercury's epicycle 17937000 ; Jupiter; 364220; 


enus's epicycle, 7022388 ; Saturn 146564 ; Mercury and Venus make revolutions - 
‘equal to those of the Sun. "Atha kaksamanani" :—Now are given the lengths 


of the orbits of planets :— 
aaraa a- a AA RA ade spuurt (v3314o0) 
da: Teal: TRAPATT (332Yooo) RATA H 
wudnifaafezquazufsmufu: (328%) i 
TATA Agra AMI (%0%324%) NA | 
sfrqer aaaea faaata mā: (8239er) u 
UMA TA TAGEHAYAATATA: (IRRI) I1 
AIM sae aaaea: (139952036) 
TikafadmaggTafatāem (3X&5&oo $3) AMAA: 11 


* “The lengths of planetary orbits in yojanas (i.e. 8 miles) are as follows :— 
.Mercury, Venus and the Sun, 4331500 ; Moon, 324000; Mars, 8146937 
„Mercury's aphelion, 1043211 ; Jupiter 51375764 ; Aphelion of Venus 2664632 
Saturn 127671739 ; Zodiac 259890012". 
KEUZE Aesi AARAA HETAT 11 
SIT FAA FAINT ARIAT RATATAT: N 
TAM eA Aa emt RN PT: 11 
Wero pears faerat aT ul 
"Whatever is obtained after dividing the planet's orbital length by the 
moor's orbital length, is to be Known as the planet's mean distance in Junar- 
auus "Of arc. When this number is multiplied by 15, it gives the semi- 
.Mlameter of the planet’s orbit, which represents the planet’s geocentric distance. 
he IS can otherwise be calculated from the geocentric radius of the orbit of the 
avens (ie, that of the celestidl sphere)."' AMNES. 
agafaire (gazes) fraser i 
aeara RANT (KLEE) Tad: ni 
1 DGOJ69 xa yi 
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aasaga aaa (?3eg9v3) efmqat: i 
wqrfiqqemmesifeedfinr: (1&&332) emgteqem i 
HCHATLAMA AIM Pq aed (sfoggas) eae |1 
agaya attrefūmdd (¥Ysoss) vf aaa i 
gamtiardagafiagaaaā (2039%2%4%) xfququt i 
fragtaftttadafādā (44340453) iaat 11 


“The semidiameters of planetary orbits in yojanas are given below :— 
689378 of the Sun, Venus and Mercury, 51566 of the .Moon ; 1296642 of Mars, 
166231 of Mercury' s aphelion ; 8176688 of Jupiter,.428088 of Venus's aphelion, 
20319541 .of Saturn and 41362683 of the Zodiacal belt". 


HT qqa fana fafatraT STAT ii carer aa HSA 
 qedWfx spa: do gg qaqxfeufaesm cafe aaa ARAATT | 
' aafaa meno afan enet writ TA: 11 


* Beyond darkness has been created by God Brahma, this earth, round like 
wheel, was made up of five main elements. In its centre stands the mountain 
Meru, the abode of gods, and the pole occupies a place in the sky just 
- above it. The wheel of stàrs, being propelled by wind, and creating rises 

and sets, revolves, as if pulled by ‘reins’ of wind. (The words * na dwandwan' 
are not clear). All planets when occupying the north give success and only 
Venus, when in the south gives success.”” 


Although the Paiicasiddhāntikā does not explicitly state that the Puliša 
Siddhanta in it postulated the Yugadi system, it appears from the couplets, 
which mention the intercalary months and suppressed tithis, that it did not 
postulate the Yuga system. Moreover Brahmagupta has blamed only Romaka 
on that account. This tends to show that the Puliša Siddhānta of the Pafica- 
siddhantika did probably contain the description of the yuga-system. The 
Pulisa’s statement as quoted by Utpala includes it. The ‘savana mana’ (i.e. 
civil measure) alluded to in the statement is termed as ‘solar’ in‘ other works, 
and the solar measures in the former are termed sāvana by the latter. The 
measures of *bhagapas' etc., as quoted by Utpala from the Pulisa Siddhānta, , 


taking the meanings of the words 'sàvana' etc. as given by other works are 
given below :— 


‘ Revolutions of stars 1582237800 
Revolutions of the sun 4320000 
Savana days "a 1577917800 
Revolutions of the moon 57753336 
Revolutions of Moon's apogee (from Beruņi) 488219 
Revolutions of Moon's asc. node (from Beruņī) 232226 
Revolutions of Mars : Ā 2296824 
Revolutions of Mercury's epicycle . " 17937000* 
Revolutions of Jupiter 364220 


*This is the number of the planets’ conjunctions with the Sun. 
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Revolutions of Venus's epicycle  . ‘ . . 7022388 


Revolutions of Saturn . ; ] ; m A 146564 
Civil Months $ à ; : : . , 51840000 
Intercalary months . . . . ; . 1593336 
Lunar months : ‘ : : : : 3 53433336 
Tithis . : : ; ; .  . - . 1603000080 
Suppressed days . x = : . i : 25082280 
The Length of a year . : s à . 3653-|592-3]7-30"? 


This shows that the length of the year as given by the Puliša Siddhànta of 
the Paficasiddhantika and the Puliša Siddhànta of Utpala are different. Thie 
means that the Puliša Siddhànta of the Paūcasiddhāntikā is quite differenn 
from the Puliša Siddhānta of Utpala. One more surprising fact is that Utpala 
rud has given the sentence as an ‘extract? from the original Puliša 

iddhanta :— 


SS megf aamiainen ATT: ($4sRRālsso0) i 


Nas 


aa agiia aat: saaa: ou 


“The number of revolutions of the stars in one Caturyuga (Mahāyuga) 
is 1582237800.” 


It gives the number of revolutions of naksatras in a Mahāyuga. This 
tallies with the one mentioned in the couplets quoted above. Even then, 
Utpala has mentioned this as a quotation from the original Puliśa Siddhānta, 
and it is composed in the Anustup meter. This shows that there existed at 
the time of Utpala (śaka 888) two Puliša Siddhāntas which were different 
from the one belonging to the Pañcasiddhāntikā group. Hence, the number 
of Puliša Siddhàntas comes to be three. The first two couplets of the last 
21, out of those quoted by Utpala, describes the Universe in the manner in 
which it is found described in the modern Sürya Siddhànta and other Siddhā- 
ntas ; the last half couplet refers to the conjunctions of planets. This shows 
that the Puliša Siddhanta, composed in the Āryāmetre and existing in Utpala's 
time, must have been a complete work like other Siddhāntas. Similarly, 
the Puliša Siddhànta belonging to the Paūcasiddhāntikā group also appears 
to vāks been a complete work from the detailed information cited from 
it above. 


The numbers of revolutions and other elements in the Puliša Siddhānta a 
guoted by Utpala, exactly tally with those of the Sūrya Siddhānta belonging, 
to the Paüicasiddhantika and given on a subsequent page. Similarly, all the 
measures, excepting the number of civil days and the numbers depending upon 
it, such as suppressed tithis etc. and the revolutions of Mercury and Jupiter 
agree with those given by First Āryabhata. 


Albiruni, the famous Muslim scholar and traveller, who had come to India 
with Mahmud of Ghazni, and stayed here from 1017 to 1030 A.D. and studied 
Indian sciences, particularly, the science of astronomy very critically remarks 
that the Puli$a-Siddhànta was compiled by Paulus-ul-Yunani or Paulus, the 
Greek, which means that the Hindus compiled it with the help of his work. 
Weber says that Albiruņī could get in India only the Brahmagupta and the 
Puliša Siddhāntas and none others. 
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Albiruņī's statement cannot be further considered unless it is known as to 
which of the three Puliša Siddhāntas referred to above was obtained by him 
and unless it is possible to see which of the three Siddhāntas agree with the 
work of Paulus Greek, if it be available at all now, so far as the elements are 
concerned. Weber observes : * A work of Paulus Alexandricus is available 
at present ; but it is not devoted to astronomy but to astrology, and hence, 
the elements given by the Puliša Siddhānta do not tally with those given by it. 
It, however, contains some of the technical terms pertaining to the Hindu 
astronomy". But Weber's remark does not make it clear what terms have been 
used and in what contest. It seems, the work of Paulus on astronomy is 
not available now, and it would not be correct to draw any inference without 
obtaining the actual work. R 


References to the Puliša Siddahānta have occurred at three or four places 
in the Brahma Siddhànta mentioned by Sakalya which shows that the Puliša 
Siddhānta existed at the time of its compilation, but which Pulisa Siddhanta 
it was, cannot be said. The commentary on Brahma Siddhānta by Prthūdaka 
(Saka 900) gives a couplet preceded by the words *desántararekháca pauliše : 
pathyate" ērjattar q dfaa gead—(meaning, the subject of terrestria] 
longitudes is to be read from Paulisa*). This shows that there existed in his 
time a Puliša Siddhànta compiled in Āryā-metre. 


SŪRYA SIDDHĀNTA 


The Paīicasiddhāntikā gives a different method for each of the five siddhan- 
tas as far as the calculation of the sun and the moon is concerned ; but the 
calculation of the planets is given as from the Sürya Siddhānta only, and this 
shows that the Sürya Siddhānta was given the greatest importance. That "the 
Sürya Siddhànta is the most accurate of all" has already been declared at the 
outset in the fourth couplet ; and it appears to have received such great 


importance because ofits correctness when compared with actual positions in 
the heavens. 


The 14th couplet of the Paficasiddhāntikā states the number of intercalary 
months and other items as given by the Sürya Siddhanta. The 26th couplet of 
the 9th chapter and all the-Seven couplets of the 10th chapter, explain the 
methods of calculating (the places of) the sun, the moon and of eclipses etc. 
All the six couplets from the 11th chapter appear to give the explanation of 
only the eclipses as given by the Sürya Siddhànta itself, and all the 27 couplets 
from the 16th chapter deal with the mean places of Mars and other planets, 


and the method of finding their true places, the question of retrograde and 
direct motions, the rising and setting etc. 


In the beginning, the author quotes the couplets which mention the number 
of the intercalary months and other things, the revolutions of the sun, the 
moon and other planets and mean positions for the epoch assumed by the 


*Karana' work according to the Sūrya Siddhānta and these are followed by the 
results calculated therefrom t— 


qt Gilet toooo AATATMWMAT: &&25& CpRÍRWIGE ii 
aa maagama ?ovWoew fexfusem: i Y tt 
AIT 2 


*See, commentary on Chapter 1. 


{The original copy of the Paūcasiddhāntikā is very inaccurate. The author has quoted 
here the couplets, corrected by him on the basis of the underlying theory and given in the 
form in which they must have undoubtedly been originally compiled. 
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BITHSIT coo sq faqar “eV Afazi N 
eqxurfeafaqaqut ERROS šā efe assent ot oai 
quU £ooooo Tfj ARTA 802%. d N 
qai Raag RA Rete wif da: R 
aama Soo qr aarafagammiatdaamam ma RRAO343 I 
qaga ia TT Ross WIT IIRA 11 3 ou 
afafaqa x2 mAN: aata 2220 gara emfa «ui n 
A fa go ia ga ATRAN 228 zd fare: og Y n 
aeta & 
“Chap. 1, (14) According to the Saura (Siddhānta) there are in 180000 
years 66389 intercalary months and 1045095 suppressed lunar days. 


Chapter 9—(1) According to the Sūrya Siddhānta the mean place of the 
sun is found (ie. in revolutions and signs etc.) by multiplying the 
ahargaņa by 800, deducting 442, and dividing by 292207 successively; 
the place so found is for the midday at Avanti. — 


(2) Multiply the ahargana by 900000, deduct 670217 and divide by 
24589996 ; tne result is the mean place of the moon. 


(3) Multiply the ahargana by 900, add 2260353, and divide by 2908789 ; 
the result is the place of the moon's Ucca. 


(4) Multiply the revolutiors of the moon by 51 and divide by 3120 ; 
deduct the result taken as secords. Also, multiply the revolutions of 
the moon's Ucca by 10 and divide by 227 ; the resulting seconds are 
to be added to the moons Ucca." 


vw famia mgA RE 11 TALIA TAR qmm TETAS 11 Pai 
WA WAM Yoo ed fifaman v33333 PSWSHT N 
KIT RET ART ? Qd d AZAR aco Wet HOS gi 

KTI WE looo TW AAAI TAR: LowRgoge Il 
ara d ANAT: SINT WETTUZT: ja 11 3 N 

Wfewqeeg v Hares 2 HeNfanfarqaqa4:. c t 

wager ve xq fafa: arp une uua 

wee} s UTT g: & WW xo Tp PafacaTes ii 

S: per Tu 2 fafü ju gatava 3x VIE: OS UI 

KW too qfeni quse SUCTqUWITVEWIPS soko KAT: N 
CATH HT Y)3o Kaa ATT: FAT: || 5 I 

Rais am pe TTT att wet eaquep emu: Zv. odi 
aqaa dat fafan ATmFĻfTaT: doc 11 
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Riga aganit: ys atadt vo fufure suffered d 


irem: fer fiat: AARAA TST: ARREST UL 
RETTA P4. 


*(1) The determination of the mean places of the smaller planets for 
midnight at Avanti is, according to the Sūrya Siddhanta, as follows :— 
Mercury and Venus have the same motion as the mean sun. 


(2) For Jupiter, multiply the ahargaņa by 100 and divide by 433232. 
For Mars multiply the ahargana by one and divide by 687. : 


(3) For Saturn, multiply the ahargaņa by 1000 and divide by 10766066 
The quotients are the entire rēvolutions ; from the remainders, the mean 
places of the planets are ascertained in signs, degrees and so on. 


(4) For each revolution of Jupiter 10 ‘tatparas’ (ie. sixtieth parts of 
seconds) have to be deducted. 14 ‘tatparas’ are to be added for each 
revolution of Mars ; five havē to be deducted for each revolution of 


Saturn. 
ka 


(5) Four signs, two degrees, twenty-eight mirutes and forty-nine seconds 
have to be added to the mean place of Saturn. 


(6) Eight degrees, six minutes and twenty seconds constitute the additive 
quantity for Jupiter. For Mars that quantity amounts to two signs - 
fifteen degrees and thirty-five minutes. 


(7) For the '$īghra” of Mercury, multiply the ahargana by 100, and divide 
by 8797. Add the product of the completed revolutions, and four 
and a half 'tatparas'. 


(8) For the ‘sighra’ of Verus, multiply the ahargana by 10 and divide 
by 2247. Add ten and a half seconds, multiplied by the revolutions. . 


(9) Twenty eight degrees of Leo (i.e. 4 signs plus 28 degrees) and seven 
teen minutes are the additive quantity for the "šīghra” of Mercury. 
From the ‘sighra’ of Venus 332961 seconds are to be deducted". 


The first two couplets above give 365d-15gh-31pal-30vip as the measure of 
the year, and'assuming the Kaliyuga to have commenced on Thursday, at 
midnight (when the longitudes of the sun and the moon were nil), the mean. 
Sun’s entry into Aries in Saka 427 falls on Sunday, the 14th tithi of Caitra, 
dark-half at 48gh-9pal. (The mean longitude of the sun was zero at the 
moment). The couplet "dyuganerko...." gives 11* 29° 27’ 20" as the mean’ 
position of the sun at the epoch, and the couplet clearly státes it to be true 
‘for the noon at Avanti, but what day it refers to is not stated therein. The 
mean longitude of the sun for the noon of Sunday, the 14th tithi of Caitra, 
dark half, as calculated fot the moment 33gh-9p, before the mean sun’s entry 
into Aries, tallies exactly with the epochal position given. This shows that 
the Sūrya Siddhānta of the Paficasiddhāntikā has assumed the commencement 
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of the yuga at midnight and that it postulates the Yuga system. These con- 
clusions prove* to be true from the fact that the figures for the revolutions 
of planets as giver below agree with the planetary positions calculated on the 
assumption of the beginning of the Kali yuga at midnight. 


The figures as calculated from the Couplets quotea above are as follows 


a gh pal vipal 
The length of the year 365— 15— 31— 30 


In a Mahāyuga (i.e. 4320000 years) 


The No. of revolutions of The No. of revolutions of 
The stars 1582237800 Jupiter 364220 
The Sun 4320000 Venus 7022388 
Savana «days . 1577917800 Saturn 146564 
Moon's revolutions :57153336 Solar months 51840000 
Revolutions of Moon's apogee 488219 Intercalary months 1593336 
Moon's asc. node Lunar months 53433336 
Revolutions of Mars 2296824 Tithis 1603000080 
Revolutions of Mercury 17937000 Suppressed days 25082280 


The epochal positions as ‘emerging’ from the above couplets (i.e. the 
positions at the epoch, calculated on the basis of the Siirya-Siddhanta of 
Paficasiddhantika) are as follows :— 


Sun 11 29 27 20| 
These positions are true for the 
Moon 11 20 11 16|noor of Sunday, the 14th tithi of 
| the dark half of Caitra, šaka 427 
Moon's Apogee 9 9 44 53| (elapsed). 


*Assuming at first that the yuga commenced oÅ Thursday at midnight and adjusting 
planetary positions true for the moment, and then, arguing on the basis of the agreement of 
the two that the assumption was correct, appear like “arguing in a circle". But one is forced 
to follow this method in the case of many problems in astronomy when ‘nothing certain is 
known about them in the beginning. I have stated above only the final results obtained 
after the full consideration of the facts embodied in the above couplets. But only experienced 
persons can realize what pains I must have had to take over before arriving at the conclusion, 


and in how many ways I had to make different assumptions and to attempt the verification 


of their truth. When in August 1887 and Feb. 1888, inspite of several difficultes enumerated 
below, T could establish a correspondence between the multipliers and divisors with the 
epochal elements, and could particularly explain how the planetary positions mentioned 


by the Bhīswat karana and Khandakhadyaka almost agree with the figures given by the - 


Sūrya,Siddhānta of the Paūcasiddhāntikā, and could establish a certainty about the three 
works, my delight knew no bounds. The difficulties were (i) the Paficasiddhantika was 
compiled about 1400 years ago (ii) it had no commentary, (iii) the copy which I had obtained 


m 


was very inaccurate (iv) suspicion about the reliability of the words denoting the numerical : 


' quantities indicated by them and written below, in the above couplets, since the manuscript 
was incorrect, and (v) the fact that the figures indicating the length of the year and revotutiong 
of planets do not fully.agree with any of the modern siddhāntas. It must, however, be 
recorded here that this research does not deserve any more importance than what it is worth 
from the historical point of view. I enjoyed some more such moments of delight while 
writing this work—The author. 
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S o 

Moon's asc. node | 
Mars 2 15 35 Ki 
Mercury 4 28 17 7 The epochal positions of Mars 

and other planets are true for the, 
Jupiter 0 8 6 20 midnight ot Sunday, the 14th tithi 

of the dark half of Caitra. 
Venus 8 27 30 35 

| 
Saturr 4 2.28 49 | 


The motion and position of Rāhu (moon’s asc. node) has been mentioned 
in the 5th couplet of the 9th Chapter, but the couplet is unintelligible. The 
first couplet of the 16th Chapter clearly states that the epochal positions are 
true for the midnight, but which day it refers to has not been mentioned. 
The positions of planets, calculated on the basis of planetary revolutions 
mentioned above and true for the midnight of Sunday, the 14th tithi of the 
dark-half of Caitra, i.e. a moment 3gh-9 palas before the mean Sun’s entry 
into Aries, completely agree with the epochal positions given by the couplets. 
The 6th couplet gives the ‘ksepakas’ (epochal positions) for Mars, and the 
figures for seconds (of arc) appear to have beer left out from it. The 9th 
couplet mentions Mercury's positions which contain no figures for seconds ; 
and the position of Venus is giver: shorter by four seconds. But there would 
be ro harm if it be said tnat the difference of a few seconds in the epochal 
positions should be regarded as negligible. 


The above mentioned figures denoting revolutions and the length of a 
year do not agree with the corresponding measures of revolutions etc. given 
by the modern Surya Siddhānta. This shows that the Surya Siddhānta of 
Paücasiddhàntika and the modern Surya Siddhànta differ from each other 
in respect of elements and revolutions etc. That the former is older than 
the latter is evident from the fact that Varāhamihira has incorporated only 
the former. The date of the latter will be considered later on. 


The above figures from the Surya Siddhànta of the Paficasiddhantika 
completely agree with those from the Puliša Siddhānta and cited from Utpala 
above. It will be shown later on that Brahmagupta has adopted in his work, 
"Khaņdakhādyaka”, all these elements except those for the Moon’s Apogee 
and the Ascending Node. It will be seen that all the elements from the Surya 
Siddhānta of the Paficasiddhantika, except those for the length of the year 
and the revolutions of Mercury and Jupiter, completely agree with those 
of the Siddhanta of Aryabhata which are given later on. It will be shown* 


*Jupiter's ‘Kgepaka’ (epochal position) as given by Bhāsvatīkaraņa agrees with the 
calculated result, if 364224 be assumed as the Jupiter’s bhaganas (revolutions) instead of 
364220 ; but this (364220) can be proved to be the Jupiter's *bhaganas’ according to Paūca- 
stddhantika, from the multipliers and divisors, as mentioned in the first half of the 2nd couplet 
of the 16th Chapter, given above. Accepting 364224 as the correct number, 100 revolutions 
require 433227 days. Utpala's Puliša Siddhànta and the modern Sürya Siddhànta give 
364220 as the number of Jupiters revolutions and on the basis of this very number one can 
arrive at the Jupiter's *Keepaka' according to: Khandakhadyaka. The Siddhānta of Aryabhata 
states 364224 to be Jupiter’s bhagana ; and Varàoamihira, while describing in the 8th 
chapter of Brhatsamhità, the method of finding the ‘Barhaspatyasamvatrsa’ (Jovian year) 
for any saka year, assumes a Ksepaka which can be obtained by assuming 364224 as the 
Jupiter's bhagana. 
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further, that the mean planetary positions for the epoch, have been obtained 
from the Bhāsvatikaraņa, by borrowing from the Sürya Siddhānta of Pafica- 
siddhāntikā, the elements for all planets, except Jupiter, and applying the 
corrections suggested by Varāhamihira separately, in the 10th and llth 
couplets of the 16th Chapter of the Paūcasiddhāntikā. 


Albiruni states that the Sürya Siddhānta was compiled by Lata ; but, 
the Sürya Siddhānta of the Paiicasiddhāntikā is not compiled by Lata. Prof. 
Weber saysi that the Sürya Siddhānta must have some connection with 
Ptolemy. Both these points will be discussed later on in the course of the 
study of the modern Süryasiddhànta. 

The above study of the five Siddhāntas, includes that of their dates also. 
They are, Paitāmaha, Vāsistha, Pauliša, Saura, and Romaka as seen in their 
chronological order. It seems that Romaka belongs to a pre Saka period 
and the remaining four were older than it. 


THE PAURUSA (HUMAN) AUTHORS OF ASTRONOMICAL 
WORKS BEFORE SAKA 420 


The Paficasiddhantika mentions names of some authors of astronomical 
works and no other source than this is available for obtaining any information 
about authors or writers of works before Saka 420. 


The followirg references are found in the Paiicasiddhāntikā— 


Gara atatay (Aaaa aat) arena? ameāda 11 3 i 
So %. 
aaa aa Gam BATT ad 11 eme atri fere fearga: 11 vv u 


€ a c 


aaia fafa PU TTR u eimTHRTRRTHA fagga He WI: di 


Yu M 
aa: u va Tae AATE demi tl 
Ho 9%. 
(3) The first two of the five (viz. Pauliša and Romaka) have been -described 
by Latadeva. 


(44 & 45) The purport of these very important lines from the 14th chapter 
is as follows—Lātācārya has enjoined the calculation of ahargana 
from the moment of sunset (on the horizon) of Yavanapur. ` 


(The moment of sunset at Yavanapur coincides with that of midnight at 
Lanka). Simhācārya has enjoined the calculation of ahargana from the sunrise 
at Lanka, while his preceptor enjoins the adoption of ten muhirtas (i.e. 20 
ghatis) in the night for the calculation .of ahargana in the Yavana country. 
Aryabhata after stating the commencement of the day as from the midnight 
at Lanka, has again defined the day as begining from the sunrise* there. .The 
name of Simha’s preceptor referred to here is not known. Here is a reference 
quoting some more names :— 


+See Dr. Kern’s Preface to the Brhatsamhita and page 2 of the Translation of the Sūrya 
Siddhānta by Burgess. 
iSee page 3 of Translation of Sūrya Siddhanta by Burgess. 


* Áryabhata's reference of the commencement of a day at sunrise at Lank4 will be given 
later on. The reference of the day commencing at midnight in Lańkā is not found in the 
A ryabha tiya. 
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sam! Aaa sita ae fasrasāt ap xe ou 
gaT KITT, 


“Praayumna broke down in the matter of Mars and Vijayanandi in the 
matter of Jupiter and Saturn.................. ci 


These are the names mentioned by the Paūcasiddhāntikā. Of these, an 
accourt of Aryabhata will be given later on. All these rames occur in Brahma- 
gupta’s Siddnanta also. All of them have been criticised by Brahma- 
gupta in some way or other. We- do not come across any-mertion of their 
merits. Tne statement that Srisena has adopted some elemerts from Lata 
in nis work, Romaka, has already beer giver. above. Varāha remarks that 
Lata has commented upon the PuliSa ard Romaka Siddnàrtas and this 
commentary cannot possibly contain his own views. This shows tnat Lita 
must have compiled a separate work. Brahmagupta -elsewnere observes :— 


Aafaa a AMAT | amefanana, afad farapa N 
; o Xu 
Tete fafafasraafusrararáétfa: maofa 1 aeaee A aaraa fafana u 
4S Ig 
TTT $3 


It shows that Lātācārya had perhaps compiled a work. Similarly” 
Simhācārya also had compiled one. Even Varāhamihira has remarked 
in one of the above mentioned couplets that Pradyumra broke down in respect 
of Mars and Vijayanandi about Jupiter and Satugn. The ‘Karana’ works 
of both these authors are described as ‘padakarana’. In one of the couplets 
given before, Brahmagupta says that Srisena has borrowed the Vijayanandi’s 


ādas. This remark is unintelligible, and it is not clear if ‘pada’ means a 
yugapāda”. . l 


Anyway, it appears that Lāta*, Simhā, Pradyumna and Vijayanandi were 
authors of astronomical works who lived before Saka 420. 


a 


THE FIVE MODERŅ SIDDHĀNTAS 


(SURYA, SOMA, VASISTHA, ROMAŠA AND ŠĀKALYA'S BRAHMA SIDDHĀNTAS) 


The Paīicasiddhāntikā included all the siddhāntas excepting the Somasid- 
dhānta, and it has already peen shown that these siddhāntas and those w:ich 
are to be corsidered now, are differert, ard this fact will be further corro- 
borated by the discussior which will follow. The siddhārtas whose study 
is going to be made now are extant present and are different from those 
belongirg to the Paficasiddhāntikā group ; and that is why the epithet "modern" 
has been applied to them. Although there is no definite evidence to show 
that there existed or still exist two Somasiddhāntas, still it is completely 


+The word "ankaciti” also seems to be a proper noun. 


* After studying the contents of Vrdānga Jyotisa and the above discussion, it will be 
seen that there is no sense in the suspicion expressed by Weber that Lata msut be the same às 
Lagadha. i 


e 
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similar to the other four, and it is desirable to study it (i.e. Somasiddhānta) 
along with them. After a general discussion of the five siddhāntas, each 
of them will be considered separately later on. 


APAURUSEYA i.e. DIVINE 


All the five siddhàntas declare themselves to be divine and they are actually 
so regarded. No other siddhānta is regarded as divine except these five 
siddhàntas, and some or all of the siddhāntas from Paficasiddhantika, and 
Visgudharmottara  Brahmasiddhànta. Even if there were some other sid- 
dhāntas regarded as divine before, they are not at present available. The 
Vyāsasiddhānta, Garga siddhānta, Nārada siddhānta and Parāšara siddhānta. 
are also divine ; but these should better be called Samhitās than Siddhāntas. 
The author does not think that a work known.after Vyāsa and others, and 
dealing with subjects usually found in siddhànta and in their usual order can 
be available at present ; and if there be one, he has neither seen nor read it. 
The number of revolutions and other elements are quoted by European 
scholars from the Parāšara Siddhànta ; but these are given in one of the Chapter 
of second Āryasiddhānta as taken from Parāšarasiddhānta. The siddhānta. 
as an independant work is not available. This point will be considered at 
greater length in thē study of the second Āryasiddhānta. The Brahma-- 
siddhānta by Visņudharmottara (Puran) will later on be discussed at greater 
length. The most ancient of the ‘paurusa’ (i.e. human) siddhāntas is the first 
Aryasiddhànta. Its date is Šaka 421. All the siddhàntas enumerated at 
the top may not necessarily be more ancient than this. It is, however, felt 
that at least one of them must be older than that. Because all are. similar 
to one another, and because these are also regarded as divine, it will be proper 
to describe them first, just after the discussion of Paficasiddhantika. 


At first the numbers of revolutions and other elements mentioned by all the. 
five siddhàntas, which are the same in all the works, are given below :— 


The elements given by the Sürya, Soma, Vasistha, Romaka Siddhantas 
and Sakalya’s Brahma Siddhāntas :— 


Years spent in Creation 17064000 


Number In a Mahāyuga 


Revolutions of 'stars' 1582237828 
'Revolutions of the Sun 4320000 
Sāvana days 1577917828 


Revolutions of the Moon 37153336. 
Pt Moon’s apogee 488203 
E Moon's anomaly 57265133 


ne Moon's node 232238. 
s: Mars 2296832. 
i Mercury 17937060 
i Jupiter 364220 


ae Verus 7022376 
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Revolutions of Saturn . ; S ; : i 146568 
Lusar morths . . ° . . .  .  , 53453336 
Lunar titi . - . . . ..- .  . 1603000080 
Solar months ; ! " à : : ; 51840000 
Intercalary months . ge, C . zi 1593336 
Suppressed tithis . . Np CI C" 25082252 
Pianet l No. of revolutions in a Kalpa 


Aphelion Node 


Sun . . . . .Q. . o 39 


Mats es ^ us. mu ox. WE s 204 214 
Mercury . . . . . . 368 . 488 
. Jupiter . . í $ s & : 900 - 174 
Venus . a og : . » ; 535 . 903 
Saturn . . M arā E " RES 39 60 


š H 


- THE YUGA SYSTEM 


These give 17064000 as the number of years elapsed after Creation, and 
some thing must be stated about this. Some idea about the yuga system . 
has already been giver in the Introduction. According to Brahmagupta 
and his followers, the creation took place at the beginning of Brahma's day, 
and at that moment, i.e. in the beginning of Kalpa, all the planets, their 
aphelia and nodes were conjoined together with the first point of Aries. 
According to Modern Sūryasiddhānta and other siddhāntas which follow it, 
the world was not created at the beginning of Kalpa but Brahmā required 
47400 divine years that is a period equivalent to 393 Kali yugas for creating 
the world. All planets, their aphelia and nodes came together when so much . 
time elapsed after the beginning of Kalpa, and then the planets began to move, ` 
Āryabhata II holds almost the same view. He, however, supposed a different 
number for the period elapsed in Creation, which will be mentioned later on. 
Similarly, the views of Aryabhata I, will be given later on. We have no means 
to know the views of Sürya and other Siddhāntas of the Paficasiddhantika. 


According to the modern Sūryasiddhānta, all planets are supposed to come 
together by mean motion, in the beginning of the present Kalivuga. Similarly, 
all the planets were together, at the end of the Krtayuga when the Sürya- 
siddhànta was compiled. The numbers denoting revolutions of planets in 
«a Mahāyuga are divisible by 4. Hence, each planet makes complete revoultions 
in a period equivalent to 23 (i.e. 10—4) Kaliyugas, and therefore, all planets 
will come together after each such periods of 2% Kaliyugas. A period equal 
to 4567 Kaliyugas passed after the beginning of Brahma's day till the beginning 
Of the present Kaliyuga. This number is not divisible by 2% ; hence, all the 
planets cannot be shown to be together at the beginning of Kalpa unless it 
be assumed that some years must have been spent in creation. Supposing 
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that a period equal to 393 Kaliyugas passed in creation, the period elapsec 
between the setting in motion of planets to the commencement of the presen 
Kaliyuga comes to be (4567—391— =45274) Kaliyugas. This number is divisibk 
by 24. Hence, after supposirg that all planets were together in the beginnin 
of creation, they will be found to be together in the beginning of the Presen 
Kaliyuga and at the end of Krtayuga before it. Similarly, starting with the 
assumed number of revolutions in a Kalpa, the aphelia and nodes will be. seer 
to be together only ir the beginning of creation and at no other time. 


GENERAL DESCRIPTION 


Of these five Siddhantas, the Sūryasiddhānta is very famous. It has been 
commented upon by mary, ard it has been even printed and published. The 
remaining four Siddhàntas are not much known. Of them, the Vasistha 
. siddhànta, consisting of 94 couplets ir 4 Chapters, has been published by 

Vindhyesvarī Prasād Sarmà of Vārānasī. No other siddliānta in printed 
form has come to my notice. I have, with great difficulty, procured copies of 
all the four siddhāntas. There is a manuscript in the Deccan College collection 
entitled * Vasisthasiddhanta-Bhügoladhyaya' which is different only in wording 
from the Vasisthasiddhānta published at Varanasi, (D.C. collection No. 78 
of 1869-70 A.D.) It has two chapters which contain 133 verses in all. Of 
them, the first chapter, consisting of 121 couplets, contains a description of 
the . Universe as ir other siddhāntas. The second chapter gives only the 
measures of orbital lengths. The numbers of revolutions and other elements 
in both the Vasistha Siddhàntas are exactly the same ; and hence it would 
be correct to say that there is only one Vasistha Siddhānta and not two. This 
point will be discussed to some extent later on. 


It has no doubt been remarked above that the numbers of revolutions 
and other elements are the same in all the above mentioned five siddhārtas ; R 
but a slight departure was noticed which ought to be mentioned. A manu- 
script copy of the printed Vasistha Siddhānta is kept in the Deccan College 
collection (under No. 36—1870-71) and the following couplet is found in the 
first Chapter :— 


agg aaga (fu?) aAA: (?4s333042€), 1 
aum: fiar sp KERT ea AeA |1 Lo 


“The number of revolutions of *stars' in a westerly direction is 1582237516 
in one Mahāyuga.” 


‘The number of sāvana days in a Mahāyuga, as deduced from the number of 
revolutions of ‘stars’ mentioned in this couplet, prove to be 1577917516, which 
gives 3653.15"^-31»-] 5-487% as the length of the year. This measure is different 
from that of all other Siddhāntas. But this verse is not found in the book 
printed in Varanasi. Even the second version of Vasistha Siddhānta referred 
to above (Deccan College collection, No. 78 of 1869-70) does not give "the 
number of. revolutions of stars. Again, the Siddhantast, which have been 
mentioned by Kamalākara (S. 1580), the author of Siddhanta-tatvaviveka: 
as being quite similar to Sūryasiddhānta include even this very Vasistha- 
siddhānta. It appears from this that the couplet given in.the Deccan College 
copy is interpolated, and that is why the numbers of revolutions and other 
elements in the’ Vasisthasiddhanta have been mentioned .as Deere. a resem- 
blance with those of other Siddhāntas. 


*The 8th letter is missing in this copy ; there must: dandis been some lette? denoting tbe 
Mee and hence, I have inserted ‘évi’ as the letter, 
t 


Chapter on “bhagana mana” verse 65. 
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THE DATE 


Let us corsider in a general way the dates of these five Siddhāntas. 


Bentley has found out a method of determining the date ot compilation of 
a work on astronomy and from it he has fixed 1091 A.D. or Šaka 1013 as the 
date of the modern Sürya Siddhānta. The method is as follows :— 


To calculate the mean positions of planets with respect to the sur from 
the formulae given by the siddhànta whose date is to be fourd, and ther after 
<omparing them with the corresponding mean positions calculated from 
modern European books on astronomy, to see for what date, the planetary 
positions, as given by the siddhànta prove to be true in the case of each planet, 
and then to fix up the date of the siddhanta by adopting the average date. 
This method appears to be correct at first sight, and there can be no mistake . 
if we accept Bentley's assumptions. But it is wrorg to follow this method 
as can be seen from all coosiderations and the dates found out on that basis 
wil not be reliable. The reasons are as follows :—Bentley's big mistake 
lies in the fact that he compared the mean places of planets calculated from 
tne correct European tables, with those obtained from the Hindu astronomical 
works. But the mean planets cannot be seen 1n the heavens ; wnat is meant 
is that the planets will be seen to occupy those, positions in the heavens which 
are found as true longitudes and not as mēan. Whenever the Indian astro- 
nomers compiled their original works or found that the planets did not occupy 
places as indicated by their original works, they rectified their original works 
by applying suitable corrections (bijasamskāra)as applicable at their time. 
They must have done this with the help of observed positions, i.e. the -places 
which they saw the planets actually occupying in the sky. The difference 
between the mean and the true place of a planet may be termed as 
*phalasamskara" (equation of centre). If tne value of this ‘phalasamskara’ 
and the method of applyirg it be the same in the Europear and Hindu 
works, there would be no harm if the method of finding the date of a 
work on the basis of mean place be followed ; but it i$ not so. The 
*phalasamskāra” to be given to the Sun is never less than 2? 10' according 
to any Indian work while that according to the Europear works it is about 


1? 55' at present ; and this equation is not always the same. The authors 
of European works have proved that this equation was 2? 10' at 3000 B.S. 
(before Šaka), but is gradually decreasing. The Moon's equation according 
to the Hirdu works is about 5°, while according to European works it some 
times comes to 8°. The equation adopted by the Hindus is very erroneous. 
The figures denoting equations for other planets also are somewhat different. 
Similarly, the methods of finding the true place from the mean place and the 
elements for the *mandocca and šīghrocca” (aphelia) are differert in the two 
kinds of works. Hence, it should not be taken to be a rule that even if the 
mean longitudes of planets, as calculated from the Hindu as well as the Euro- 
‘pean works agree, that will result in the same figure for true place, and 
conversely, it cannot be said that a similar figure for the true plaee obtained 
from both will not necessarily give the same figures for the mean longitudes. 
Similarly, whatever difference be found in the two will not be found to follow 
the same law for all times to come. If under a particular case, similar values 
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of mean longitudes calculated from the two, be seen to yield similar figures 
for the true longitudes as well, they will be found to give different value 1n 
another case. For instance, if the mean and true places of Saturn, in Leo, 
be found to be the same figures according to both the works, it is not certain 
that similar results will be obtained for the Saturn in Scorpio. Hence, the 
variation in values of the equation of centre and that in the methods of finding 
them, would be found to lead to a variation of some centuries, even when the: 
variation in the values of equations as found from the two works be very 
small. For instance, the following errors were noticed in the planetary position 


according to the modern Surya Siddhànta in the years noted below and as 
found by Bentley :— 


538 A.D. 1091 A.D, Correct 

year A.D. 

Moon* y : m ; gU adi . —0 18 30 —0 0 nuc 1097 
Mars 200. 0... s. 2 26 30 40 58 29  — 1458 
Jupiter —- 0. 0. 0.4 0. T 21 47 40: 4 14 906 
Sil à we X. o 0x 7 oh cb 50 1300 LC 425. 887 


- This shows that the error in the place of Mars in 538 A.D. was about 21? 
and in those of others less than 2^. The error in the case of the Moon was 
extremely small. The places of all planets can possibly be found to be the 
same as the true places calculated by European tables and true for some 
moment during some particular revolution of those times ; that is, in other 
words, they can prove to be most accurate ; and hence it can be said that if 
the places of planets given by the Sürya Siddhantat agreed with those calculated 
from European tables for some date during the decade near about 538 A.D. ; 
then the Sürya Siddhānta can be said to have been compiled about the 
year 538 A. D.. The compilation of original works of the Hindus or the 
corrections applied to them must have been based on the experience of at least 
25 or 30 years ; and there are no means to know which planets were observed, 
on what dates and how, during this period. Hence, the method of determining 
ofthedate of compilation of a work according to Bertley's method is not 
faultless. Prof. Whitney has pointed out some of the drawbacks of Bentley's 


"method, but has not pointed out the above very important ard main 
drawback. 


Bentley himself has considered the pros and cons of this method, but 
has not considered these objections. 


Another point is that Bentley, while comparing the places of planets, has 
only calculated their distances from the Sun, but has not considered the error in 
the Sun's place as given by the Indian works, and which has crept in because of 
«a small error in the length of the sidereal year adopted by our works. Prof. 
Whitney has pointed out that the consideration of this point will show that the 
Sur's place given by the Sūrya Siddhānta would be for the year 250 A. D. The 


*When the planet's place is seen to be in advance of that obtained by European tables, 
the variation is indicated by pius (--) sign, and when it is behind, it is denoted by Minus 
(—). The error in the case of Mercury and Venus exceeded 3? and hence, the difference 
das not been shown here. 

It is sure that if the positions of all planets be calculated from both the works for different 
dates during 5, 10 or perhaps 30 years, it can be shown that the planetary places do agree for 


a particular date ; but the author has not done the calculation, since it involves much time 
&nd labour. 
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Indian authors could possibly Have determined the corrections (Bijasamskāra)* 
to be applied to planets by two methods. One method of determining the correc- 
tion for a planet is by observing its conjunction with stars, and the second is by 
observing its place by the ‘Nalikd’ instrument. Tne lergtn of a year adopted 


by our works which is nearly equal to that of the sidereal year but actually 
exceeds it by about 8 palas and this (variation) leads to a gradually increasing 
error in the longitudes of stars. The error at present is about 43 degrees. (The 
difference in the Patawardhan's almanac and other nirayana almanacs is due to 
this fact). Hence, if the corrections were determined from the conjunction of 
the planet with a star, it is bound to err, because the place of the star with which 
the planet was conjoined, was erroneous, and the date of compilation of work 
found on this basis must also err. The second method is that of observing a 
planet by the *nalikā” instrument. These methods of observation necessitate 
the conversion of the planet's place irto a tropical (sayana) form ; ard although 
the adopted motion for the equinox is somewhat erroreous, the correction 
is not likely to go very wrong because the time taken by a planet or the sun 
to come to equinox does not differ much. Hence, becuase the corrections 
have been determined by this method, the date of compilation of a work, 
as found by Bentley’s method of comparisor of errors in planetary places with 
respect to the sun, can be accepted ; but tne time when the sun, accordirg to 
our works is found to come to the equinox, is somewhat erroneous. Because 
of this and also because the correction can possibly have been erroneous to 
the extent to which the observed results would be approximate, the date of 
compilation of a work car also be erroneous. The third poirt to consider 
is that, if it be supposed that Bentley's method is correct, it will be proper 
to use his method, if the author of the work, whose date is to be determined, 
has given the positions of planets by actual observation. But it will be of no 
use to apply the method, if the author has incorporated ir his work the planet’s. 
places exactly as they are given in another work. If the correction given by 
Bhāskarācārya in his work be set aside, the elements of revolution etc. giver by 
him are exactly the same as those given by Brahmaguptasiddhànta, and, hence, 
the date of compilation of both these works will, by Bentley's metltod, come 
to be the same ; but the fact remains that Bhāskarācārya compiled his work, 
*Siromani", 522 years after Brahmagupta's Siddhānta. The correction 
given by Bhāskarācārya”s work is found even in Raja Mrgānka, a work of 
Šaka 964. (More discussion about this will be given later on.) Hence, the 
dates of Raja Mrgānka (Saka 964), Siddhāntā Siromani (Saka 1072) or of 
Karanakutühala (S. 1105) will come to be the same by Bentley's method. 
Bentley's method proves useless if the dates found by it are compared 
witn the actual dates. The author attempted to apply tne method in the case 
of the Sürya Siddnānta of the Paiicasiddhāntikā and the first Āryasiddīānta 
and these are the inferences :— 


*Ifitis found.that the place of a planet as calculated from a Siddhānta does not agree with 
the observed place, it is decided to apply suitable correction to the motion and place of the 
planet as given by the work and this correction is known as ‘Bija’. 
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The year when the The year when the 
planet according planet according 


to Sūryasiddhānta to first Āryasid- 
would be correct dhānta would be 
true 

Šaka Šaka 
Moon 520 468 
Moon's apogee 482 482 
Moon's asc. node : 3 : FOR 523 
Mars : F . : i . ; 457 457 
Mercury 93 734 
Jupiter 772 480 
Venus = 409 409 
Saturn 574 574 
3307--7=472 4127=-8—516 


This leads one to infer* ihat the Surya Siddhānta of Paīcasiddhārtikā 
was compiled in Saka 472 and the first Ārya Siddhārta in Saka 516. But itis 
beyond controversy that the first Arya Siddhànta was compiled in Saka 421 
and it has also been showr before that the Sürya Siddhànta of Paūcasidd- 
hārtikā must have belonged to a period much earlier than Saka 421. Bentleyt 
has determined 1288 A. D. (Saka 1210) as the date of the Arya Siddhānta 
consisting of 18 chapters (i.e. the second Arya siddhānta) and 1384 A. D. 
(Saka 1306) as that of the Parāšara siddhānta ; but reference to some subjects. 
in the second Arya Siddhānta is found in the Siddhānta Siromani. This 
shows that the second Arya Siddhānta must belong to a period earlier than 
Saka 1072 A. D. and references to Parāšara Siddhānta also are found in the 
second Arya Siddhānta. : (More discussion about this will follow later on). 

This will clearly show that the dates found by Bentley are not at all reliable 
and that the date of the Sūrya Siddhanta (viz. Saka 1013) determined by 
Bentley is not worth considering. 

Let us, therefore, independently consider the matter of dates of the, five 
Siddhārtas. : l : 


Brahmagupta observes, 


aara pa: qia amara aeaa: 11 2 0 
ag sv 


"This very Siddhànta has been compiled by Sūrya, Indu, Puliś2z, Romaka, 
Vasistha, Yavanācārya and others”. ; 

The Indu Siddhānta, mertioned in this, is the Soma Siddaànta itself. It 
shows that there existed a Soma Siddhānta before the time of Brahmagupta. 
No evidence is available to show that there existed some time before, a Soma 
Siddhānta, different from the Soma Siddhānta now available. No such 
Siddhānta is either available at present, or there is no evidence of its avail-- 
ability. Where then is the harm, if we say that, in the absence of any evidence 
S 
K *Places of planets to be calculated from European tables have been calculated from the 

€ropant’s Planetary Tables. If more accurate table would be followed, a variation of oaly 
to 10 years may possibly occur. i 
TSee Bentley's work (1823 A.D.) Part II, Section III. 
1 D.G.0./69 
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to the contrary, the Soma Siddhānta existing in Brahmagupta's time, is the 
same as the modern one? It is just possible that the Soma Siddhānta in 
Brahmagupta's time might have been different in size and form, than the 
modern Soma Siddhànta ; but both. of them must be similar in the matter of 
numbers of revolutions and other elements etc. 


It has been shown above that there existed in the time of Brahmagupta a 
Romaka Siddhānta by Srisena and a Vasistha Siddhanta by Visnucandra and 
different from the Romaka and Vasistha Siddhantas of the Paficasiddhantika. 
It has also been pointed out before that the Romaka and Vasistha of the Pañ- 
casiddhāntikā are different from the modern Romaka and Vasistha Siddhāntas. 
‘A comparison of the numbers of revolutions and other elements etc. corro- 
borates the same fact. One is, therefore, naturally led to the inference that 
the Srisepa's Romaka and Visņucandra's Vasistha, available at Brahmagupta's 
time, are the same as the modern Romaka and Vasistha Siddhantas and we 
have reasons in support of them. One of them is that there is no evidence to 
show that there ever existed a third set of Romaka and Vasistha Siddhāntas. 
other than the Romaka and Vasistha Siddhanias of the Paficasiddhantika, 
and the modern siddhàatas of the same names nor are they available at present.. 
The second reason is that the three couplets of Brahmagupta, quoted befere 
on page 7, giving the basis on which,Srisena compiled his Romaka and 
Visnucandra his Vasistha, show that both of them appear to be similar ; that 
is the numbers of revolutions and otber elements etc. in both must be the same. 
The third reason is that Brahmagupta remarks that *Visņucandra has compiled 
the second Vasistha siddhanta.’ The following couplet* is found in that 
version of the modern Vasistha Siddhānta which is printed at Varanasi 


Req ates angaa seb Watuw ji 
facifutaen wards fatvia Su 11 ro ji 

“Oh Mandavya ! This science has thus been described by me in brief. 
it will be expanded by Visnucandra and others, as vugas will roll by”. 


This is addressed to Māņdavya by Vasistha and it shows that Visnucandra 
has been associated with this. Visņucandra's name has been anyhow brought 
in. This clearly shows that, if it is not the one actually compiled by Visnu- 
candra, it must have been written out by some one else, after borrowing 
Visnucandra’s elements. Jt has been mentioned in the above couplets of 
Brahmagupta, concerning the Romaka Siddhànta, that the Romaka has been 
compiled with the help of Lata, Vasistha and Vijayanandi ; and the modern 
Romaka Siddhànta contains the following lines in the beginning :— 


afar TATA: eSI Wed: d war TETwd WU FETT bw 
aeaa sme pp: 1p SCPHTWTS «frei GTRemma P ATT: 11 M 
sara eft atop aru Tyr gp g9WRSIWTW...... H VM 

(The general sense is as follows) : 


- Once upon a time Vasistha and sage Romaka, started a penance, in celibate 
condition, invoking the favour of God Visnu, for obtaining the knowledge of 


*This verse is found also in the copy of the Meccan College collection ; but its latter half 
begins with ''Vistrtiécecca Candradyaih” which appears to be a mistake. 


tWe come across versions like Lomaša for Romaša, ‘tadabhiprayam’ for *sadabhiprāyam 
etc. Even the name of the siddhānta is found as Romaka and Romaša, in two ways. 
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iime (principles of science of astronomy). God Madhusüdana who is pro- 
ficient in this science, appreciating the good motives of Vasistha and being 
pleased with them both. gave them away the science, as a reward for penance. 
He uttered the words of Science through the two mouths (Vasistha and 
Romaka). m i | 

Even though these contain certain errors, the verses show that Romaka 
and Vasistha are both associated with the modern Romaka Siddhānta. The 
Romaka Siddhànta existing at the time of Brahmagupta had definitely a support 
from Vasistha (siddhànta). Hence, an inference can be drawn that Srisena's 
Romaka and Visnucandra’s Vasistha, existing in the time of Brahmagupta, 
are the same as the modern Romaša and Vasistha Siddhantas. The modern 
Romaša Siddhānta does not mention Srisena's name and the name of the 
Siddhānta has been maintained, through an imaginary sage Romaša. It, 
therefore, seems probable that the modern Romaka may be different from 
Srisena's Romaka in respect of its wording, still the revolutions and other 
elemenis must have been the same in both. i 


If it be admitted that there existed before Brahmagupta (Šaka 550) Sidd- 
hāntas which were either completely similar or similar in respect of the numbers 
of revolutions and other elements to the Soma, Romaša and Vasistha etc. 
how can it be said that the modern Sūrya Siddhānta, which resembles these 
three in respect of elements and which is commanding a greater reverence and 
impertance at present than these three could not have existed before Brahma- 
gupta's time ? The modern Sürya Siddhanta or the Soma, Romaka and 
Vasistha, have no similarity with respect to elements with the first Ārya Sidd- 
hānta, which existed before Brahmagupta, and with any of the earlier five 
Siddhāntas of the Paficasiddhàntika. It has already been shown above that 
Làtàácirya had compiled a work quite independently ; and according to Brah- 
magupta's remarks, the figures for the mean places* of all planets in Srisena’s 
Romaka and Visnucandra’s Vasistha had been borrowed from Lat 's work. 
It appears from this that it was only Làtacarya's work which was similar to 
modern Soma, Vasistha and Romaka, out of those, which existed before 
Brahmagupta’s time. This fact, which emerges from the above considera- 
tions, when weighed together with Albiruni's statement that Sürya Siddhānta 
was compiled by Lata, lead one to draw the definite conclusion that, the mean 
places of planets i.e. and the numbers of revolutions and other elements in 
the modern Sürya Siddhānta, haye been taken from Lātācārya”s works and 
Lata lived before Varāhamihira (Saka 427). Hence, it is the author's opinion 
that the elements in the modern Sürya Siddànta belong to a period prior to 
Saka 427. Even if the modern Sūrya Siddhànta is not supposed to have been 
compiled by Lata, the modern Soma, Romaka and Vasistha Siddhāntas defini- 
tely existed before Brahmagupta's time ; and the modern Sūrya Siddhānta 
1$ much more revered and regarded as important than any of these three. This 
Shows that the moderh Sūrya Siddhànta existed before the three Siddhāntas 


and hence, the date of its compilation cannot be later than the 5th century 
ot Saka era. 


Let us now consider the five Siddhāntas separately and in greater details. 


B *Cclebrooke interpretes the words as “Mars and other planets were taken from Vasietha" 
seq gee! ing all facts with reference to the context, I think that the lines should be interpre- 
in the very way in which I have rendered them. 


4a 
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SŪRYA SIDDHĀNTA 
Subject Matter and Date 


The modern Sürya Siddhānta has 14 Chapters. All of them together 
contain 500 verses in ‘anustup’ metre. "Ihe verses at the beginning, out of 
those which have given the numbers of revolutions and other elements etc. 
above, show that a person who was a “part of God Sun Himself” described 
by Sun’s order, this Siddhánta to Maya, an Asura, at the end of the Krtayuga. 
E means that 2164996 years elapsed after its revelation, till the beginning of 

aka 1817. 


An inference has been drawn above that the modern Sürya Siddhānta 
was compiled by Lata and hence, it must have existed in a period’ much earlier 
than Saka 427. It, however, seems that it had not received 'Sürya Siddhanta’ 
as the name at the time of Varahamihira, because the Paficasiddhantika contains 
only one Sürya iddhanta, and it is different from the modern one. A reference 
to the Sürya Siddhānta has occurred at two places in Bramhagupta Siddhanta. 
The couplets have already been given before ( See page 7). We have no 
reasons to say that there were two Sürya Siddhantas at the time of Brahmagupta, 
and hence, it cannot be said for certain that in his time also, the modern Sürya 
'Siddhànta had received *Sūrya Siddhānta” as its name ; and even if it had, it 
clearly appears not to have received so much importance. Because he has 
taken in his work, Khaņģakhādyaka, elements, not from his own Siddhānta or 
from the first Āryasiddhānta or from the modern Sürya Siddhànta but from 
the Sūrya Siddhānta of the Paficasiddhantika. Hence it cannot be said for 
certain as to when the modern Sürya Siddhànta received the name 'Süryaà 
Siddhānta or inspired a feeling of reverence” There is, however, some room 
for drawing an inference. 


Even if the modern Sürya Siddhanta were compiled by Lata, it is not pro- 
bable that all the verses in it were compiled by him. Some or almost all the 
remaining verses in it, except those mentioning the elements in the chapter on 
mean places, might have been taken from the original Sūrya Sīddhānta, that is, 
the one belonging to the Paiicasiddhantika group. Otherwise, if the Lata’s 
work be not in the same form, as the present Sürya Siddhānta, some one else 
must have compiled the modern Sürya Siddhànta, by borrowing number of 
revolutions and other elements from Lata's work and the remaining verses 
from the original (ancient) Sürya Siddhānta soon after the Paūcasiddhāntikā, 
and two or three centuries later, it must have been àn object of reverence, 
when the traces of its authorship were lost and forgotten. 


Brahmagupta remarks ( see page 8 ) that the Romaka and Vasigtha 
Siddhantas were compiled by adopting Aryabhata's method of geocentric 
calculations of planets ; but the main elements of degrees of epicycles (pari- 
dhyamša) which are so necessary for the geocentric calculations as given by 
Sürya, Romaka, and others, do not agree with those of Āryabhata but with 
the original Sürya Siddhānta in many respects. (See the elements given in the 
first chapter on ‘true places” later on). 


The inference which follows is that either Làta or whosover be the author 
of the Sürya Siddhānta, he adopted only, different numbers for revolutions and 
other elements etc. but borrowed the remaining items from the original Süry- 
Siddhünta or retained them, word for word, as given in the origina! Strya 
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Siddhanta. Similarly, Brahmagupta clearly says that the elements given by 
Srisena’s Romaka and those in Visnucandra's Vasistha belong to Lata himself. 
It seems that some one afterwards adjusted these Siddhānta with the original 
Sürva Siddhānta in respect of principles, by omitting the remaining items which 
were taken from the first Aryabhatasiddhanta. Utpala has in his commentary 
on the 18th chapter of Brhatsamhitā given the following verse, preceded by 
“tathacacaryah Visnucandrab", meaning “so says the Ācārya Visnucandra :— 


featetukaKu: Kalta: aferra o putei As fī is nmm 11 


“When Mars or any other planet along with the moon, are conjoined with 
the Sun in a (heliacally) set condition, it is described as a fight, even when the 
planets are united together." 


This is in Arya metre, and both the versions of Vasistha Siddhantas are in 
anustup metre. This also leads one to infer that some one must possibly have 
compiled the present Vasistha siddhānta on the basis of Visnucandra’s Vasistha 
Siddhànta. The samc is possible about the Romaka also. 


Maya 


There are some annotated versions of the Sürya Siddhānta in the Ānandā- 
érama, Poona, some versions contain only. the text. Here the author came 
to krcw that the 7th verse in the first chapter (on mean places) in one of the 
books (No. 2909) without a commentary, is not found in the annotated version 
It stands thus together with the foregoing and following verses : 


qx SW gg: akana aina d suo nesqusp d fes mfüesfq ou o&g! 
wea gi TH Tem ga De RAI Gd p Chu GUT TAA AeA ETHIC 19 li 
saaalaēd da: 


(Oh Maya !) you will not be able to bear my lustre (and) I have no time to 
tell you (anything of the Science). This man, who is my own part, will tell you 
everything. Therefore, go back to your town. I will be born as a Greek 
(vavana) because of 'Brahmā's curse, in the city of Romaka. There I will 
initiate you in the Science. So saying God Sun vanished from sight. 


This verse stands as the verse intermediate between the 6th and 7th verses if 
the annotated version. The 7th verse when looked taken in the light of its 
context aprears to be altogether disconnected. This verse was found in the two 
versions of the Sürya Siddhānta without a commentary and in the possession 
of the Rev. E. Burgess, translator of the Sūrya Siddhānta, but was not found in 
the annotated version. Whitney in his notes on the translation, has expressed 
his views regarding this verse as follows :— 


Although it is true that this verse is clearly out of place here, between the 
Sth and 7th verses of the present edition, still it is found in several manuscripts 
of Sūrya Siddhanta and it is not probable that it has been purposely deviced 
and intreduced. Hence, the first seven or eight verses at the beginning which 
are found in the present annotated edition, must have been newly inserted by 
some person to describe how Maya got the Sürya Siddhanta. Originally, 
only the above quoted verse along with similar others, must have occupied 
that place ; and it shows: that the Sürya Siddhānta must have undoubtedly 
some connection with the Greeks in some way Or the other. ; not only this but 
the Science must have been obtained by the Hindus from the Greeks. Even 
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the modern Sūryasiddhānta states that the "Sürya Siddbània was revealed te 
. Mayàsura'. What was the propriety in selecting a demon (an ‘asura’) as the 
medium of revelation by the Sun ? This point also indicates in zsscciatiom 


with the Greeks. 


Ptolemy 


Weber says that according to Hindu inscriptions Turumaya was the name of: 
king Ptolemaios’ of Egypt. From this Asuramaya appears to have been a 
corruption of Turumaya, and Maya seems to be the Ptolemy* himself who was. 

-the author of the Almajest. But it has already been pointed out that Ptolemy’s. 
work has no connection with the original Sürya Siddhànta. Similarly, the 
numbers of revolutions and other elements of the modern Sūrya Siddhanta 
given above do not at all tally with those of Ptolemy. This clearly shows that 
Ptolemy has absolutely no connection with the modern Sürya Siddhanta. 


A Relation between the two Sürya Siddhànias 
Utpala's commentary on the Brhatsamhitā quotes the following verses as 
belonging to. the Sürya Siddhānta :— 
AGURI fep IRA «fa: prd gaisa a fadi mum i 
aret Tas: qu aga eiaa: 11 cadet fg gada qi afaitar: n 
fasat aut athe GARAN T: 11 qur eH V garai Wr xf: 11 
AETI Y FLATT 
yarn aama cap wat (2) avfead 11 aa faareafafereqedz: KTTETERTAI u 
tam afed ginama n a aa qup AE act TEREZ: 11 
amaaa aut taaan: i erar aafia qfeopfeqa: 11 
HT 4 xTgum 


“The sun illuminates half the disc (side ) of the moon, even if it is occupying - 
the lowest position (with respect to the sun) ; and, the second half is never , 
illuminated. 


The sun is a sphere of lustre. The planets, the,stars and particles of water l 
shine brighily when they are illuminated by the sun. s : 


"The farther the moon goes away from the sun, while in a lower position 4 
the greater portion of its disc becomes visible to (people on) the earth." 


—Chapter 4 cn Moors motion | 


, "While the sun is situated in the house opposite to that of the moon, and: 
when the moon, having no latitude, enters that portion of the earth's shadow : 
Which intercepts the moon’s orbit, the lunar eclipse takes place. 


"See page 3, Translation of the Sürya Siddhānta by Burgess.. The statement of Weber 


hes not-been given above word by word, but only its summarized fortu. 
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When the sun's surface is obstructed by the moon who is passing in a 
downward direction and when people on the earth are unable to, see the sun, 
chen the solar eclipse takes place. 


The *earth's shadow which is cast by the sun's rays, falls only on one half 
(Portion) of the moon's disc which is escaping from the darkness cast by Rāhu. 


—Chapter 5 on Ráhu's motion. 


These verses are not found in the modern Sūrya Siddhānta. It is not 
therefore, certain if they at all belonged to the original Sürya-Siddhànta. If 
they did, it may be said that thē modern Sūrya Siddhānta was not held in great 
reverence at the time of Bhatotpala (Saka. 888). 


Bhatotpala, in the course of his discussion of Mahākārtikādi Samvatsara» 
ia the chapter on gurucāra, in the commentary on Brhatsamhitā,' observes. 


afafa 1 area sara taR wale adt vrerorfawráfe 
aaah Teather. wp wes n 


«Some (astronomers) when they find that Jupiter has come to the star 
Kritikā, and Caitra has started, reckon the beginning of the cycle of Maha- 
kārtikādi years and also that of the prabhava year, on the basis of the far 
with which they find the moon to be conjoined.” 


The method of naming the years of the Mahakartikadi Series, as given in 
the modern Stūryasiddhānta, is as follows :— 


imari aot HT. Tae fet afew ati TĀM, TAT 4 
RTRT, 


ín Vaisakha etc., a conjunction (yoga) in the dark half-month (kvsņa on 
the 15th lunnar day (tithi) determines, in like manner, the years Kārtika etc 
of Jupiter, from its heliacal setting (asta) and rising (udaya). 


Chapter on Elements. 


These two have much similarity and this method of naming the Māhakārti- 
kādi years is found in no work other than the Sürya Siddhānta. Itcannot be 
kown from the Pažcasiddhāntikā if this method was given inthe original 
Süya Siddhānta and there is no other way to find it. If Bhatotpala’s quotation 
refers to the original Sürya Siddhanta, it would be a good means to prove that 
7 Mite from the origināl Surya Siddhanta occur also in the modern Sürya 

iddhanta. 


L&a 
Albiruņī, (Saka 952 circa) says tHat the Sürya Siddhanta was compiled by 


Lata. But the original Sūrya Siddhānta in Paficasiddhantiké was undoutedly 
fot compiled by Lata, for had it been so, Varāha would have mentioned it and 


*Different readings are found in different works and the author himself is doubtful 
about the words «bimbasthordhe'*. We coñe across bimbasyasthanerdhe, bimbasyordhwe 
ete. J have attempted to give the likey meaning—Translator. 
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would not have included it in the Paficasiddhantika. According to Brahma- 
gupta, the work by Lāta is clearly different from the Sürya Siddhānta. He has, 
in addition, criticised Lāta's work in two or three places, but not the Sürya 
S:dihānta. This shows that the Sūrya Siddhānta referred to by Albiruni as 
compiled by Lata is not the criginal Sürya Siddhànta but the modern one, and 
from this it appears that the importance of the Sürya Siddhānta had been estab- 
lished before Saka 952. 


The author of Bhāsvatikaraņa deciares at the outset of his work :— 
aa wawa fafecadan 1 atgifesimaa satan 11 3 0 
afus R 


“As instructed by Varāhamihira, I briefly compile this (Karana) work which 
is similar to his Sürya Siddhānta”. 


The words, “‘tatsiiryasiddhanta” in this, show that there existed at the time 
of the author of ‘Bhaswati’, a Sürya Siddhānta different from the one incorpo- 
rated by Varáhamihira in his work. 


The following verses from the Sürya Siddhānta have been given by Bhāska- 
rācārya himself in his commentary, vēsanā, on Siddhànta Siromani :— 


wE: Faa neut aa: a aN eror beu: d % 11 
anda qnd: qetausifefwu: i gmmaaTeTyeda Tune afes KA 1 3 N 


"(1) Forms of Time of invisible shape, stationed in the Zodiac called the 
conjunction (Sighrocca), apsis (mandocca) and node (pàta) are 
causes of the motion of the planets." 


"(2) The planets, attached to these beings by cords of air, are drawn 
away by them, with the right and left hand, forward or backward, 
according to nearness, towards their own places.” 


These verses are given by the modern Sürya Siddhànta (see verses 1 and 
2 in the chapter on ‘true place’). Similarly, Bhāskarācārya, in the chapter 
on Golabandhe, remarks about the motion of the equinox as follows :— 


faqacifaaeraat: era: SaNa: eum 11 
TATU: Aa AAT SR FET 11 vu gi 


“The point of intersection of the Equator and the Ecliptic, is called ‘Krdn- . 
tipdta’. The number of its revolutions in one kalpa, according to the Sürya 
Siddhēnta is 30000" and in his commentary of this verse, he himself says, : 


aaae WITT: Beyspram d aq Adfrgidtatt: 11 
Sūrya Siddhānta itself has cited 30000 as the number of revolutions of the. 
krantipata in one kalpa. 


This remark refers to the revolution of the zodiac mentioned in the modern 
Sürya Siddhanta, Similarly the word 'arkám$a' occuring in Bhāskarācārya's 
remark* "tasmānnedam pūrvairarkāmšādyaistathā krtam karma” at the end of 
the chapter on 'solar eclipse', seems to refer to the modern Sürya Siddhānta. 


MODEM CEU Te atl 
*Meaning—This calculation has not been made by former astronomers like Arkāmaša 
{ Incarnation of the Sun). 
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When held in reverence : 

These arguments prove that the modern Sürya Siddhànta had achieved the 
position of authority and reverence before the times of Albiruņī, Bhāsvatīkāra 
and Bhāskarācārya ie. before the first half of the 10th century of Saka era. 
There is no evidence available at present to show what time it was between the 
Saka 550 (i.e. the time of Brahmagupta’s Siddhānta) and Saka 950. 


WORKS FOLLOWING MODERN SURYA SIDDHANTA 


The Karana work written in Saka 1220 by Vavilala Kochana of Tailangana 
completely follows the modern Sürya Siddhànta. It has not found any 
Karana work written on the lines of the modern Sürya Siddhànta prior to this 
date. The Bhatatulyakarana, written in Šaka 1339 gives the same motion for 
the eguinoxes as that given by the modern Sūrya Siddhānta. A work called 
Tājakasāra, written in or about Saka 1445, has come to the notice. While 
describing the method of calculating the planets’ places, it writes, 


TAT CAHU TAAL TT TR VAT HAT T 11 


"The true places of planets can be calculated either by the méthod given 
by Srisiryatulya-Karana work or by the one compiled by Rajamrganka.” 


It shows that there existed before Saka 1445, a Karana work named Sūrya- 
tulya. The places of planets in it were, of course, taken from the Sürya Sidd- 
hànta and they must have been from the modern one itself. The figures for 
the length of the year etc. cited by 'Grahakautukakaraņa” in Saka 1418 as 
having been taken from Surya Siddhànta belong to the modern Sürya Siddhānta. 
Ganesa Daivajfia, the author of Grahalāghava, says 


darit faremo fere Tes: 11 
To Alo mHtTHIÓd«Tt o 


Meaning :—The elements for the sun, the moon's apogee and that for the 
moon diminished by 9' have been borrowed from the Sürya Siddhānta. 


And these elements have been definitely taken from the modern 'Sūrya- 
Siddhànta. Similarly, the tables of Tithi Cintūmaņi have been prepared com- 
pletely from the positions of the Sun and other planets as given by the modern 
Sūrya-Siddhānta. (More discussion about this will appear later in the course 
of the comments on Grahalaghava). A commentary on Bhàswatikarana was 
written by Mādhava in Saka 1442, i.e. in the same year in which the Graha- 
laghava was compiled. This commentary includes the verses, giving the 
revolutions of the sun, the moon, and all planets or the figures indicated in 
those verses. These verses and the numbers of revolutions and other elements, 


except those for Ràhu, completely agree with those of the modern Sürya 
Siddhànta. 


Makaranda is the name of a work helpful in preparing the almanac 
Almanacs are compiled from it in many parts of Northern India at present. The 
measure of the year and the numbers of revolutions and other elements for all 
planets have been taken by it from the modern Sürya Siddhārta. The date of 
its compilation as given in the version of the Makaranda work, printed at 
Varanasi, is Saka 1400. This Saka number has not been stated in verse 
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form and no other means is available in the work to prove that it is true, 
which leaves some room for doubt about its authenticity. Makararida is, 
however, referred to by Višvanātha and others which shows that the date 
may be correct. Paramādīšvara, the commentator on the Āryabhatīya has 
given 12 verses* from different chapters in the modern Sürya Siddhanta and 
four of them, which are specially important, belong to the chapter on mean 
places, and they mention revolutions cf the aphelia and nodes of all planets. 
The date of this Paramādišvara is not known. The verses quoted by him 
from Sürya Siddhània are every where, preceded by the words “tathā ca Mayah" 
meaning “so says Maya”. 


The work, Tajikabhüsanma, was written about Saka 1480, by Ganeša Dai- 
vajüs, son of Dhundhiraja and resident of Pārthapur (Pathāri).near river 
Godavari. He bas adopted in it the length of the year as given by the original - 
S. S. The measure for the year (viz. 365d—15gh-31p-30v) as adopted by the: 
original Sürya Siddhànta appears to have been in continued use till ihe erd 
of the 15th century, because it was more convenient for calculation than the 
one (365d—15gh-31p-31v-24pv) adopted by the modern Sürya Siddhànta. 


There is a work on Muhürta, named Jyotisadarpana, which was ccmpiled 
in Saka 1479. It casually gives as an example, the ahargana (i.e. number of 
days elapsed) from the beginning of creation to the beginning of Kaliyuga. 
. Similarly, the mean places of planets for the midnight of Thursday in the 
beginning of Kalpa have been given in it, and they are all similar to those of 
modern Sürya Siddhānta. 


There is a Karana-work, Rámavineda by name, compiled in Šaka 1512, 
which gives the length of the year according to modern Sürya Siddhania. 
Kamalākara, 1580, the author of the ‘Siddhdnta tatvaviveka’ is a stauncb admirer 
of the modern Sürya Siddhānta. The work Vārsikatantra, which follows the: 
mcdern Sürya Siddhànta was written sometime between Saka 1400 and 1634. 


Commentaries 


A commentary on the modern Sūrya Siddhānta entitled *Gūdhārthapra 
kasika’ by Ranganatha was written in Saka 1525. An edition of Sürya Sidd- 
hānta together with this commentary, has been printed at Vārānasī ard Calcutta, 
A second commentary, entitled Saurabhàsya was written by Nysimha Daivajíia 
and belongs to Saka 1542. A third commentary was written by Visvanatha 
Daivajīa and entitled ‘Gahanarthaprakasika’. It contains examples with 
solutions and belongs to about Saka 1550. A fourth commentary, written 
by Dadabhai and ertitled ‘Kirandvali’ was written in Saka 1641. Of these 
four commentaries, that by Ranganātha is more exhaustive and contains a 
good explanation of the theoretical aspect. Rafüganütha's commentary 


contains at 2 or 3 places, the remark** “sfa ajaaa caren”? meaning 
“this is according to traditior ", ard he has endorsed the views of oiheis at 
2 or 3 places with the remark} «fast meaning “according to some". At one place 
is found the statement «egre gad s afr" meaning *modernfT people interp- 
ret it thus". This shows that some commentaries belonging to an earlier period 


lable in Raūganātha's time. Rangana i 
pese AA E re BARRA TS mene me! qiie verser 


*See verses 41 to 44 from Madhyamādhikāra ; No. 2 from Pātādhikāra, Nos. 35 to 46 
from Bhūgolādhyāya and one from Mānādhikāra. 

*See pages 156, 163, 201 of the Vārānasī edition. 

tSee pages 48, 95, 147, Vārānasi edition. 

ttSee Vàrznasi edition page 201. 

łSee Varanasi edition page 212. 
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characterized as “aiq@taq’’ (quoted from Narmada). It shows that there must 
have existed some mathematical work of Nārmadā in which some reference 
to or a corroborative statement of modern Sūrya Siddhānta could be found. 
in my opinion* the date of this Narmada must have been about Saka 1300.. 
Colebrooke says that there is a commentary on the Sürya Siddhānta by 
Bhüdhara. Similarly, Prof. Whitney t remarks, on the basis of Wilson's cata- 
logue, that commentaries on the whole or part of that work by Mallikarjuna, 
Yellayā, Āryabhata, Mammabhata and Tammayā, were available in the 
Mackenzie's Collections. A commentary by any of the two Āryabhatas on any 
of the two Siddhāntas seems to be an impossibility. Hence, there appears to: 
be a commentary by some third Āryabhata. : 


Bibliotheca Indica includes an English translation of the Sūrya-Siddhānta: 
made in 1860 A. D. by Pandit Bāpūdeva Šāstrī (New series No. 1). It contains 
simply the translation of the text and some notes here and there. The English. 
translation of the Sürya Siddhānta by the Rev. Ebenezer Burgess was published 
by the American Oriental Society as volume VI of its Journal in 1860 ; and it 
has been printed in a separate volume. It was Burgess who first translated the 
work and added foot notes to it and Prof Whitney further added extensive 
notes on it. Prof. Whitney has admitted his responsibility about the views etc.. 
expressed in these notes. It is the opinion of Prof. Whitneytt that the Hindus 
borrowed astronomy from the Greeks. According to Burgess on the other 
hand it was the Greeks whe borrowed astronomy from the Hindus and this. 
view has been expressed by him at the end of the volume. 


Interpolation 


Ranganātha after giving a half-couplet in his note on the 23rd verse from: 
the Chapter on ‘conjunction of planets’, has remarked that he has not com- 
mented upon the verse, since, it is found only in some works and not in all and 
appears to be interpolated. Similarly, after passing over 14 couplet in the 
Chapter on 'elevation of moon's cusps' he has given his commentary in the: 
next two verses and has remarked “but these appear to be disconnected and. 
the method described therein is erroneous, they might have been interpolated. 
by some very intelligent person who depended upon the  " Dhivrddhidatantra 
of Lalla". He has also remarked that the four verses beginning from the 5th. 
in the Triprašnādhikāra might be regarded by some as interpolated, but it is- 
not so ; this shows that there were in his timt some persons or commentators 
who regarded these verses as interpolated. Jyotisadarpaņa, a work on Muhürta,. 
contains about 19 verses from the chapters on mean places and on elements 
from the modern Sürya Siddhānta which tally with those in the modern versions. 
of the Sürya Siddhānta ; but there are 3 more verses, not given in the com 
mentary by Ranganatha and inserted between some preceding and following 
verses from the original, and these do not appear contradictory to the context. 

Diffusion 

Out of the authors of Katana and other works which have adopted the 
numbers of revolutions and other elements from the Sürya Siddhànta and out 
of the commentators thereon described above, the author of tbe 
Grahalāghava and Kešava, his father, belong to Konkaņa and Mādhava, the 
commentator of Bhāsvatikaraņa hails from Kānyakubja, that is, Kanauj. The: 
E Qu M V ies 


*See the description of Nāramadā, later on in this very chapter. 
tSee Translation of the Sūrya Siddhānta by Burgess, page 278. 
ttProf. Whitney died im 1894. 
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author of Makaranda belongs to Varanasi. Paramādišvara, the commentator 
of Aryabhatiya, appears to belong to Malabar province. The authcr of 
Jyotisadarpaņa belongs to Kondāpalli which is a village somewhere in Karn- 
ataka and its latitude appears to be about 16° 43’ North. Viddaņa, the author 
of Varsikatantra comes from Karnataka, Vavilala from Tailangana, and 
Yellaya and other commentators also seem to be from Tailangana.. The 
commentary of Ranganātha and the ‘Visvanathi’ were written at Varanasi. 
Dadabhai belongs to South Konkana. The Ramavinoda was compiled at 
Delhi in the time of Akbar. This shows that during the pericd 13th to i5th 
century of Saka era Sürya Siddhanta had spread almost all over India. 
Although it is true that this period can not be regarded . as:very ancient, still 
the work had been universally recognized at the time of Bhāskarācārya and 
seven before. Another thing (to be remembered) is that, as new Karana works 
see the light of the day, old ones get lost because they are found useless for 
calculation. This shows that Karana works, compiled on the basis of the 
modern Sūrya Siddhanta before Saka 1220, must have been lost. 


Terminology 


Words like, Rama denoting ‘three’, Nanda denoting ‘nine’ Jina and Siddha 
‘denoting twenty-four, occur a number of times in astronotnical works ; but 
it is a surprising fact about the Sürya Siddhānta that it claims to have "Beén 
.compiled at the end of the Krtayuga and accordingly; it nowhere -uses the words 
denoting numbers, like Ráma, Nanda and Jina who lived after the Krtayuga. 
Similarly, not a single name out of those which are said to be Greek names of 
Planets, occurs in the Sürya Siddhanta. Only those tērms which have origi- 
natéd from Greek, occur at places in it ; e.g. ‘lipta’ or "liptika" (Spastādhikāra, 
:45, 64,65, 66) horā (bhūgolādhyāya 19), kendra (Spastādhikāra 29, 45). There 
Are no means to know if these words were used in the original Sūrya Siddhātta 
and other four Siddhāntas of the Paficasiddhantika, because Varāhamihira 
has not given the Siddhāntas in the original form. 


Bija (Corrections) 


The work entitled Makaranda gives the following figures of correction as 
from tlie Sürya Siddhānta for being applied to planets :— 


In a Mahāyuga 


Planets, etc. Correction to Number of 
Bhaganas Bhaganas 

No. of Bhaganas as corrected 
Sun 0 4320000 
"Moon . 0 57753336 
Moon’s Apogee. —4 488199 
Moon's Node 44 232242 
"Mars 0 2296832 
Mercury —16 17937044 
Jupiter —8 364212 
Venus —1? 7022364 


Saturn 412 146580 
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Prof. Whitney, after applying Bentley's method of comparing places of 
planets with respect. to the Sun, has. found the time when these corrections were. 
applicable and it comes to be 1541 A.D. (i.e. Saka 1463*) ; "but it is clear that: 

© correct time comes to be a date before Saka 1400. Raūganātha Nrsimha 
and Viéwanàtha have not mentioned this correction in their commentaries but 
it must have been known to them because the Makaranda work was a well. 
known work in their time. It appears to have been omitted by them because: 
it was not given in the original. The Rémavinodakarana (Saka 1512) mentions. 
it:: The numbers denoting revolutions are similar to those above but the 
corrections for.the moon's.apogee and Mercury are positive. It may be due 
to the writer's error in the copy (Deccan College Collection No. 204 of 1883-84). 
The remaining items are exactly similar to those in the above table. The 
corrections given by the work Vārsikatantra, which is mentioned later on in 
the description of that work is almost similar. DS 


Ranganatha remarks that some works do not give verse no. 22 that should 
be in the last chapter, that is the present ‘manadhydya’, but they close the 
chapter on elements by giving the next verse, and then they introduce a new 
chapter entitled *bijopanayana' consisting of 21 verses, and close it by writing: 
the 22nd verse from the 'mānādhyāya” followed by the remaining four verses 
from it. Ranganātha has simply given the set of 21 verses, calling the chapter 
on 'bijopanayana' as interpolated and has not given their commentary. Even 
the Vigvanathi commentary contains those verses. The 21 verses mention a 
correction to planets and the degrees} of epicycles of conjunction. The 
method of calculating the bija correction, reveals that it is zero in the beginning 
of Kaliyuga, that it continually increases for 90000 years, then gradually begins 
to decrease for the same number of years and ultimately becomes zero after 
180000 years from the beginning. The numbers of seconds of arc to be applied. 
as correction to mean longitudes of planets are as follows :— 


Sun + 1 Mercury’se picycle— —22 Saturn + 7. 
750 750 750 
Moon — 3 "Jupiter — 30. 
750 750 
Mars + 24 Venus’s — 90 
mn conjunctionstt —— 
70 — 750 


As the correction asked to be applied to the Sun in this list is positive, the 
length of the year would be reduced by about 5 ‘prativipals’. The length of the 
year 365d-15gh-31pal-3lvipals-24prativ which is without correction, becomes 
365d-15gh-31p-31vip.-19prativ. Nó karana work is found adopting this 
. correction. 


Problems 


All subject topics in our astronomical works can be reduced to three main 
problems. The first is the formation of the Universe and causes of the motions 
of celestial bodies, etc. The second relates to the mean motions of planets 


*See Translation of the Sūryasiddhānta by Burgess, p. 20. 
e words ‘R&ma’ and ‘Jina’ occurring in this verse, have been used to denote numbers. 
*Conjunctions' (Sighra) means the planets" conjunctions with the Sun. (R.V.V.). 
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in a particular period of time and their mean position at a particular moment ; 
and The third is their true motions and true positions, by which is to be under- 
stood their position which is actually observed in the heavens, as being some- 
what different from their position calculated from their mean motions, and the 
causes of this difference, the elements for finding out this difference at a parti- 
cular time and the method of finding it ; all problems (in astronomy) can thus 
be said to be included in these three types. That branch of astronomy which 
is known in English as Physical astronomy, is in the author's opinion to belong 
to the first tvpe of the 'formation of the Universe. The knowledge of astro- 
nomy concerning the second and third types, and specially the third, gradually . 
developes with the growth of this (first) type. There is, however, no harm 
if it be said that no discoveries were made 1n our country, comparable with 
the several impoftant discoveries that were made in the European astronomy 
after Copernicus. Hence, it can be said that the history of *the formation of 
the Universe” does not hold an important position in the Hindu astronomy 
«as it does in the European astronomy. All works have propounded almost 
the same views and no further discoveries have been made in them. It will, 
therefore, be bztter to describe all problems of the first type in one place. 
Some' of them have been mentioned in the Introduction, and others will be 
treated later on. The problems belonging to the second type, being different 
for different Siddhàntas, have been described separately at their proper places ; 
:and some topics belonging to the third type will be given later in the study of 
fhe Universe, and the remaining in the chapter on true places; and these 
"problems being the saine in the case of each Siddhānta, it is better to mention 
them in one place in the chapter on true places. 1t will also be advantageous 
to indicate the differences between the Siddhāntas by comparison and this 
"plan, when followed, will cover the study of all problems in the Siddhāntas. 


The numbers of revolutions and other elements etc. in the Siddhāntas of 
the Paficasiddhāntikā and in the five Siddhāntas of this chapter, have already 
been mentioned above. The mean positions of planets given in the Siddhàntas 
.of the Paficasiddhantika have also been compared with those calculated from 
European works. 


A comparison of mean planets given by the modern five Siddhāntas, includ- 
ing the Sürya Siddhānta, with those calculated from the European works will be 
"made in the description of Aryabhata later on. 


SOMA SIDDHĀNTA 
The Date 


This Siddhānta has been described by Candra to the sage Saunaka. It 
mentions the number of years elapsed from creation up to the beginning of 
‘the present Kaliyuga and directs us to “add the desired number of years elapsed 
from the present Kaliyuga". This proves that this Siddhanta has been com- 
piled in the Kaliyuga. The real date of its compilation is the same as that 
established for the modern Sürya Siddhānta or one somewhat later than it. 


It has 10 chapters and 335 verses in ‘anustup’ metre. 
A work, entitled Jyotisa Darpana, mentioned above, gives a verse from the 


‘Soma Siddhànta. The Raiganātha's commentary on the Sürya Siddhānta gives 
«at one place a verse from this (viz. Soma Siddhanta). Kamalākara, the author 
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wf the Siddhàntatatvaviveka, has referred to the Soma Siddhānta in the 
following verse :— 


FEAT cw ARTA fund eere 11 
ARI afacoaaaafa: ui MAPE aT 11 4% gH 
ATUATATEATU , 


*(65) That pure (science of astronomy) which was rēvealed to Maya by 
the god Sun, was described to Nārada by Brahmā, to Šaunaka by Himaguru 
4Moon or Soma) and to Māņdavya by the sage Vasistha.” 


—Chapter on elements of revolutions.: 


The Chapter on mean places in this Siddhànta gives the following two 
couplets as **verses quoted from Gārga”. 


HA ASAT... HEATUTAT p AMY HAATAT GTM mafaa: |1 wc di 
AIUHAATAT AMA: LEYYsscoooo | Wd TT: gafea 


qd unes vm 1) 


** 1955880000 solar years have elapsed from the creation up to the (begin- 
ning of the) present Kaliyuga, which begins from the end of the Dwapara 
yuga and which is 28th (yuga) in the 7th-Manu period, belonging to the present 
Brahmā's day—during the life of God Siva". 


These very verses occur in Roraaša Siddhānta also, as “quoted from Garga”. 
The former half of the first verse in this runs thus, 


CUTTTA TAIT SEIS! 
~-meaning-“‘in the latter half of the present day of Brahma’s life.” 


The word Nanda occurs at one place in this Siddhānta. It has already 


been pointed out above that this Siddhānta resembles the Sūrya Siddhanta 
in all respects. l 


» 


VASISTHA SIDDHANTA 


Subject Matter 


It has already been pointed out above that there are two versions of 
Vasistha Siddhanta which are similar in principles but different only in form. 
Of these, the one, printed at Varanasi, has five chapters, containing 94 verses 
in ‘anustup’ metre. It has been mentioned in the beginning and at the end 
that this Siddhànta was revealed by the sage Vasistha to the sage Mandavya. 
This Siddhànta is very brief. Other Siddhàntas mention the numbers of re- 
‘volutions and other elements in addition to the measures of orbital lengths 
also. This (siddhānta) gives only the orbital lengths and the numbers of the 
revolutions of planets in a Yuga have got to be calculated from them. These 
can be found and they agree with the Sürya Siddhànta.  Thisisalso incomplete 
with respect to some other subjects. This does not mention* the number of 
*sāvana” days in a yuga. It is not mentioned from what epoch the ahargana 


"The copy in the Deccan College Library Collection gives the number of revolutions of 
stars, frem which the number of 'savana' days can be found; but it has been pointed 
cut (rage 29) that they prove to be different (from those in the Sürya Siddhānta). 
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is to be reckoned. While the use of utkramajyā (versine) has been mentioned, 
no lists of versines are given*. The aphelia and nodes have not at all been 
mentioned. The following lines are given about them :— 


HAA ATT pp TA WW Bro ATTA 1) 3300 


IFA Ta Mataafa, N 
ATA AAT. 


“Calculate from theory the numbers of aphelia and nodes in a Yuga. The 
point at which the ‘equation of centre’ is zero, is called the ‘mandocca, 
(aplielion); the point at which the yamya-kendra-phala (value of celestial 


latitude) is zero, is called a pata (node)." 


The calculator has been asked to find out the aphelia and nodes by obser- 
vation, and in a way, he has been asked to compile a new Siddhanta. It 
describes the method of finding a‘Karna’, but it is incomplete. It has five 
‘adhikaras’ (chapters) which deal with only the following subjects :—(i) mean 
places (i) true places (iii) Shadow (three problems) (iv) miscellaneous and 
(v) geography. The miscellaneous chapter gives just a glimpse into the eclipses. 
Even the chapter on ‘shadow’ is very brief. A verse in the chapter on true 
places is given from the modern Sürya Siddhānta. Regarding the ahargaņa, 
it has been remarked that it is true for the midnight at Laūkā ; this also proves 
its similarity with the Sürya Siddhànta. The words Ràma, Nanda, and 


Siddha have been available in it. 
DIFFERENT VERSIONS 


Ranganātha has taken a half-couplet from this as belonging to Laghu- 
vasistha Siddhānta. He has similarly given a verse regarding eclipses as 
"quoted by Vrddha Vasistha" and at one place in his commentary on the 
chapte: on true places he has mentioned the name of Vrddha Vasistha. This 
leads me to suspect if there existed in Ranganātha”s time a different Vrddha 
Vasistha Siddhānta. The verse about the eclipse quoted by him is given in 
*upajáti! metre and not in 'anustupa metre. The Vasistha Siddhānta referred. 
to by Kamaļākara ( page 29 ) appearsto be the Laghu Vasistha Siddhānta. 


The other version of Vasistha Siddhànta mentioned above as belonging to. 
the Deccan College Collection, has only one chapter entitled *madhya- 
madhikara’, which contains only the description of the formation of the 
Universe and orbital lengths of planets, and does not give other chapters 
generally found in other Siddhāntas. All verses are in anustup metre. The. 
remark at the end runs “in Višvaprakāša, from the Ganita branch, compiled 
by Vrddha Vasistha" followed by the words *the 4th chapter on orbits”. 
There is no hint or clue for finding where the remaining three chapters ended. 
This shows that the work remained incomplete. The references at tbe begin- 
ning show that this Siddhānta was revealed by Vasistha to Vāmadeva, and 
Maàndavya has not been mentioned. 


ROMAŠA SIDDHĀNTA 


This Siddhānta has been described by Visnu to Vasistha and Romaša. 
The verses concerning this have already been given before ( page 34 )- 


*These can be calculated frcm tbe kramajyās which are given in it. 
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It has 11 Chapters, consisting of 374 verses iñ anustup metre. It has already 
been mentioned that it completely resembles the Sūrya Siddhānta as regards 
the numbers of revolutions and other elements etc. 


Any reference to verses from this Siddhānta in any other work could not be 
detected. 


The words Nanda, and Siddha have occurred in this. The word Ara 
meaning Mars, has occurred once. The names of rivers have been given 
which included ‘Krsna veni.’ This suggests that the author of this work might 
be some person from South India. 


BRAHMASIDDHANTA CITED BY SAKALYA 
Author 


This has 6 chapters and 764 verses. This was described by God Brahma 
to Narada. The original verses nowhere mention Sakalya’s name, but each 
chapter ends with the phrase “in the second problem (prasna) of the Brahma- 
samhitā in Sakalya Siddhànta". Among the— ‘problems’ of Sakalyasam- 
hita there is not a single one which we meet at present. A number of lines have 
been taken in Ranganātha's commentary on different occasions, and while 
giving them, the phrase “from Sakalya” is added at some places, and the 
phrase in Brahmasiddhānta at others. The verse in which the author of the 
Siddhāntatatvaviveka has referred to this Siddhānta is already mentioned 
(page...47.... Kamalakara has taken even some verses from this Siddhanta. 


The numbers of revolutions and other elements in this tally entirely with 
those of the Sürya Siddhānta in all respects. and have already been given. 


Subject Matter 


It has not, like other Siddhantas, separate chapters, such as a chapter on 
mean places, a chapter on true places, etc. Each chapter contains a subject 
pertaining to some "adhikāras” and the six chapters together cover almost all 
the subjects usually given in a Siddhānta ; not only this, but the subject of 
religion also, which is never met with in an astronomical work, has .been 
included in it. The third chapter deals with thé study of Mahāpāta (paralTel 
of declination) of the sun and the moon ; and after mentioning the "fruits" 
of bath and charity undertaken on these auspicious occasions, the subject of 
religion has been introduced as an offshoot of the main subject and it covers 
the portion between the 34th verse and the end of the chapter. Thus, as 
many as 138 verses have been devoted to this subject which includes the follow 
Ing items :—the holy time for Samkrānti ; the end of a tithi-ganda ; the 
consideration as to when to accept a tithi covering the *pradosa' time, and 
when that ‘enveloping’ the noon time or that which comes in contact with the 
former tithi etc.; similarly, the decision of the proper time for Ekada$i, 
Šrāddha, Yāga (i. e. sacrifice) and of special rites līke the Upākarma ang of 
special tithis, like the Ganeśa Caturthī. 


Date ; 
The first chapter deals with the guestion who created the science of astro- 
nomy and contains the following verse, 
Gara Ae: aaa: qara faa: 11 Ta qfaorew TĪRT get: 11 € 
seu RE RO ... 74 - vi 
1 DGO/69 5 
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“This (science) has been created (compiled) in eight ways,viz. by me, by 
Soma, Pulastya, Vivasvān (sürya), Romaka, Vasistha, Garga and Brhaspati”. 

The word mattah in this refers to this Siddhānta. Garga and Brhaspati 
have got only Samhitàs to their credit, while Siddhàntas bearing the names of 
Soma, Pulastya, Sürya, Romaka and Vasistha are well known. The Pulastya's 
Siddhanta is the same as Paulisa Siddhanta. It is referred to even by the 
name ‘Paulisa’ in this Siddhānta at two or three places. 


The following line- | 
occurs once in the first chapter:— 


att dan fagia aatia | &o T 


“Hence the desired method should be followed as given by one of the five 
Siddhāntas.”” ; I | 
The names, Sürya, Soma, Romaša and Puliša, have also occurred at two or 
three other places. This clearly shows that this (Brahma) Siddhànta was 
compliled after all the above Siddhantas. 1t is very difficult to say in what 


particular period of time it was compiled ; but the first chapter in this contains 
the line, 


GAAIAA WW TIT meque warp 30 0 


“The name of first year of Kalpa is Pramāthi by solar measure.” 


Most of the works follow the method of reckoning the Prabhàva and 
other years of the 60-year cycle on the basis of Jupiter's motion. Itis only 
this Siddhānta, the Romaša Siddhānta and the commentary by Bhatotpala 
which refer to the adoption of the system, (of naming the year) by solar 
measure ; and it is only in this Siddhānta, that according to solar mea- 
sure, the name of the first year of Kalpa is Pramāthi, and it will be found 
that the desired ‘samvatsara’ is always obtained on this basis by adding 12 
to the Saka year (in question). At present. the samvatsara is not named by 
Barhaspatya system, south of Narmada, but by solar measure and thus we get 
the desired samvatsara by adding 12 to the Saka. But one year is suppressed 
in about 85 years if the Jovian measure is followed. Hence, we do not get 
the correct Jovian year by adding the same number to the Saka year every 
time. The figure to be added was shorter than 12 before Saka 743. The 
Correct Jovian year used to be obtained by adding 12 between the period 
Saka 743 and 827. This figure is to be increased by one, after every 
85 years. Copper plates and other inscriptions show that the system of finding 
a Bārhaspatya (Jupiter's) samvatsara was the same in South India as in the 
North India till Saka 743 ; but the number 12 was required to be added 
between Saka 743 and 827. The author is of opinion that the system of 
reckoning a year by solar measure must have been adopted in South India 
from that period. A detailed consideration of this point will be made later 
on in the study of samvatsara. Because, this Siddhānta contains the 
method of finding a samvatsara by adding 12 to the current Saka, and states 
. the first year of Kalpa to be Pramathi, there is no doubt that this Siddhànta 

must have been compiled some time after Saka 743 and not before. 


It is the speciality of this work that it gives the latitudes and longitudes of 


the stars in Saptarsi group (i.e. Great Bear), which are not given by any other 
siddhānta. 


* 
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FIRST ĀRYABHATA 
Name 


He has compiled the well known work Aryabhatiya. There is no other 
more ancient work from amongst the available *paurusa' (human) astronomical 
works. He calls his work as Aryabhatiya, but many other astronomers have 
named it as Aryasiddhdnta and it is quite proper to name it thus. A second 
Āryabhata flourished after him and he has also written an Aryasiddhanta. 
It is, therefore, convenient to mention this Aryabhata as Aryabhata I, and 
his Work as the First Aryasiddhànta, and the author has followed this principle 
all throughout.* i 


„N 
This Siddhānta is divided into two main parts. The first part consists of 
10 verses in the 'giti' metre ; and almost all the topics mentioned in the Madhya- 
mādhikāra of other Siddhāntas ; for instance, the elements of revolutions etc. 
in a particular period of time, have been mentioned in these 10 'gitis'. This 
part is called the ‘dasagitika’. 


The second part has three chapters, which contain the remaining questions 
mentioned in the other Siddhāntas. It contains 108 āryās and hence, it is 
called the ‘aryastasata’. Some people regard the two parts as separate works. 
Süryayajvana, one of the commentators of this work, calls the two parts as 
two ‘prabandhas’ (compositions). Each of the two parts begins with a verse 
which is an auspicious prayer and hence, they might have been regarded by 
some as two separate works. But they are interdependent and one will be 
of no use without the other. It is, therefore, proper to regard the two together 
as one work. Āryabhata himself appears to hold the same view. He has 
not given any separate name for the first part, nor has he closed it by a con- 
clusion. He has no doubt added a ‘conclusion’ at the end of the whole work 
together and has mentioned Aryabhatiyaas the name only at that place. Simi- 
larly, the whole work together has four chapters; the author himself does 
not call them as ‘padas’, still it has been customary with others to call them so. 
If the *Da$agitika' be supposed to be a separate work, it will be said to have 
oné ‘pada’ and the other work three and these cannot justly be called *padas' 
(fourth parts) Considering, therefore, from all points of view, it will bē 
proper to regard the *Dašagītika and AryastaSata’ together as one Siddhanta. 
The Dašagītika contains two more ‘gitis’ in addition to the Ten ; one of them 
is the auspicious prayer and the second describes his numerical code. The 
whole work, therefore, contains 120 verses. The word *Āryāstāšata” is mis- 
leading, and it seems that because of this, some European scholars thought 
that it contained 800 verses. ' This Āryasiddhānta, along with the Bhatadipika 
commentary by Paramādīšvara has been recently printed by Dr. Kern at 
Leden in Holland in 1874. It was not much known to European scholars 
before this, 


Three Schools 


The astronomical works in our country are at present believed to belong 
to ohe of the three main paksas or schools ; the Saurapaksa, the Aryapaksa 
and the Brahmapaksa. The basic work for the first school is the Sürya 
Siddhànta, that for the second is the Arya Siddhānta, and that for the third is 
the Brahma Siddhānta. The reason for the formation of the three different 


schools is that the length of the year according to each school is somewhat 
PP on 


b “If any reference without the epithet, ‘first or second’ occurs anywhere later on, it should 
€ taken to refer to this, (tha 1is) the first Aryabhata. 
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different and the motions of planets in a particular period of time, say, a Kalpa 
or à Mahāyuga, are different. The remaining subjects in the case of all 
schools of all works following each of these schools are practically the same. 


It will be shown at the proper place when the party spirit relating to 
different schools raised its head. 


The words Āryasiddhānta and Aryapaksa are well known in our country 
but the Áryasiddhanta itself is not much known to anyone. It is considered 
that no orthodox astronomer in Mahārastra possesses its copy. The Ārya- 
paksa (school) is still flourishing and it has a number of followers ; but very 
few of them understand its correct form from the original Aryasiddhanta. 


Numerical Code 


Other astronomical works are found to be using ‘bhi’ for 1, ‘rama’ for 3, 
and such other words to represent digits and numbers. But the First Ārya- 


bhata, instead of following this system has adopted letters to dertote numbers, 
as shown below :— 


a—l 1100000000 

1—100 e—10000000000 
u—10000 0—1000000000000 
t—1000000 au—100000000000000 


Ka— 1 Ca— 6 ta—11 ta—16 pa—21 ya—30 sa —80- 

kha— 2 cha— 7 tha—12 tha—17 pha—22 ra—40 sa —90 
ga— 3 ja— 8 da—13 da—18 ba—23 la—50 ha —100 
gha— 4 jha— 9 dha—14 dha—19 bha—24 ‘va—60 
ha— 5 ūa—10 ya—15 na—20 ma—25 ša—70 


Varāhamihira has followed in the Paūcasiddhāntikā the system adopted 
by other Siddhāntas while using words to denote numbers; and this shows. 
that the system was in vogue before Āryabhata ; and it must have been so. 
Hence, Āryabhata must have adopted it to represent numbers briefly and as : 
it is not found in other works, it appears to have originated with him. This - 
system ensures brevity. Other Siddhāntas generally require about 9 or 10; 
verses to mention the number of revolutions of all the planets. But it has ; 
been done only in two couplets by this system. Similarly,other Siddhāntas : 
generally require 50 to 70 verses to be devoted to *Madhyamadhikara'. This: 
system could describe almost all the subjects in 10 verses (gitis) only ; and ? 
hence, it is very easy to commit to memory the Dašagītika aphorisms written : 
according to this system. But while this system has some advantage, it has : 
at the same time a very' serious drawback. To explain briefly the nature 
of the system and its inconvenience, an illustration is given below :— 


1 
E 
b 


The first half of the first couplet describing revolutions of planets, runs thus = 
ATT: aq ate Tahaan a, LATT, | 


. The number of revolutions* of ‘Ku’ (the earth), according to this verse 
comes to be 1582237500 in a Mahāyuga. 


* Áryabhata holds the view that the earth has the diurnal motion and that is why he has. 
given the number of rotations of the earth. Other Siddhāntas give revolutions of stars instead., 


- JYOTISHA SIDDHANTA PERIOD | : | 53 


Dr. Kern’s book gives ‘su’ in place of ‘bw dhi — 500 

in this line. ‘su’ denotes 800000, that is, a ši = ` 7000 
number greater by 570000. The misprint of bu — 230000 
‘su’ for ‘bu’ has caused so much error. nl = 1500000000 
khsr = 82000000 

1582237500 


This is an error* occurring in a printed book which is very carefully checked " 
and printed ; what then are the chances of errors: having crept in in a manu- 
script and of these errors getting aggravated by traditional use, can be under- 
stood only by those who have occasions to go through manuscripts. Sucha 
work is bound to go out of use in course of time, if there be no means like 
traditional interpretations, and checks of agreement with other works. 


Motions and Revolutions of Planets 


After first quoting the two couplets which mention the numbers of re- 
volutions and other elements of planets, the author gives the numbers derived - 
from them. The first part of the first couplet has already béen given above. 
The remaining couplets are given below :— 

fü qs eq paqa msraafesTe PTV WU: $0 
qag fag Raa sprewfaspe siTe: N 
Raw Grafīta qara aA Aaa o3 


The revolutions in a mahāyuga as derived from these verses are :— 


Rotations of the earth 1582237500 Revolutions of Jupiter 364224 . 
‘Revolutions of the Sun | 4320000 Revolutions of Venus . 7022388 
Number of sávana days 1577917500 Revolutions of Saturn 146564 
Revolutions of the Moon 57753336 Solar months 51840000 
Revolutions of the Moon's . 488219 Intercalary months 1593336 
Apogee 
ROM of the Moon’s 232226 Lunar months 53433336 
node 
Revolutions of Mars 2296824 Tithis : 1603000080 
:Revolutions of Mercury 17937020 Suppressed tithis 25082580 


Length of the year—365d 15gh 31p 15vp. 


The numbers of revolutions given by the original Sürya Siddhānta on 
page 23..do not include those for Rāhu, but comparison of the remaining: 
numbers with the above figures from the Aryasiddhanta shows that the 
revolutions of Jupiter and Mercury are different in the two, while the remaining 
numbers are the same ; and it has already been shown before, that the original 
Sürya Siddhānta existed before Āryabhata. This shows that Aryabhata 
borrowed the elements of all planets except those for Mercury and Jupiter 
from the original Sürya Siddhānta. The elements for the revolutions of Jupiter 
and Mercury appear to have been adopted by him by experience after testing 
their accuracy with their observed positions. 


*'This error cannot be detected from the commentary, but it can be easily found after 


considering the theory and agreement with other works. However, this error of Dr. Kern 
‘will thtow several scholars into confusion. 
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The Yuga System 


It has been remarked above that Aryabhata’s system is somewhat different 
from that of the other Siddhāntas. It is as follows. . He says in his 
*dasagitika' :— 

FA HAT z PY ALAM OQ Talka 4 ATAT o F I 


FARNI GT 3c. qefeeTeg ATTA qd 11 3 


. “The number of Manus in a Brahmā's day is ‘dha’ (=14). A manu 
consists of $kha (—72) yugas. The number of manus elapsed from the begin- 
ning of Kalpa is ‘ca’ (—6) and that of yugas elapsed is ‘chna’ (—27) ; and 
the number of yugapādas elapsed, prior to Thursday, the beginning day of 
Bharata is ‘ga’ (—3)". - i x 

In this verse a Manu is said to consist of 72 yugas and not 71 as in others 

A 'sandhi' (transition or twilight period) has not been mentioned as to occurring 
before the commencement of each ‘manvaniara’. This verse also tells us what 
period has elapsed from thé commmencement of Kalpa up to Thursday, the 
beginning day of Bhārata*. This verse and the 2nd couplet quoted on page53, 
show that according to Áryabhata the Kaliyuga started on Friday, and the 
previous day was à Thursday. But the second couplet quoted above shows 
that the Mahāyuga** began on "Wednesday at sunrise. This shows that 
Āryabhata does not accept the definitions of time units, e.g. a Dvāpara equal 
to twice Kali, and so on. ` If these definitions be accepted, the Kaliyuga would 
not be found to have commenced on Friday, after supposing the yuga to begin 
on Wednesday. We get the result if all *padas' or quarters of a yuga be 
sup posed to be equal in length .This shows that he regarded Krta and other 
*uygapadas' as equal in length, and from this assumption it appears that the 
number of years elapsed, from the. commencement of Kalpa to that of the 
present Kaliyuga, comes to bel986120000 and the Kalpa appears to have com- 
menced on Thursday. The number of years elapsed from. the commencement 
of Kalpa to that of the present Kaliyuga comes te 19729440001 according to 
other Siddhāntas; and according to some, who suppose that some years were 
spent at the beginning of the Kalpa or over Creation, it was a Sunday when 
the planets started to move. Brahmagupta has criticisedtt Aryabhata for 
having entertained this kind of view so different from others. 


TAA peu: mew frg SGTPRT 11 CHUPRPROZGET RIT aTa 
namia 11 %o ti 
: O RARA.. 


“The measures of Yuga, Manu, and Kalpa, and the number of Krta and 
other yugas elapsed after the commencement of the Kalpa, are not equal to 
those mentioned by the Smrti. This shows that Āryabhata does not know 
mean motions of planets." - 


= =, + 


*The word ‘Bharata’ stands for ‘Bharata war’. The word is here used in the se: of 
commencement of Kaliyuga. i 
**Although the word mahāyuga has not been explicitly mentioned, it was evide ly go, 
as may be seen from context and theory. 
tAfter including the years supposed to have been spent over creation. 
ttMost of the above facts have been mentioned by Brahmagupta; but instead of placing 


implicit faith in them, I have actually found them out for myself. 
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In this verse, Aryabhata has been accused by Brahmagupta of not having 
given the Yugas, Manu and Kalpa according to the Smrti. The length of a 
mahayuga adopted by him is equal to that given by others. The number of 
revolutions mentioned above will show that they are divisible by four, and the 
second couplet says that all the planets were together in the beginning of the 
mahāyuga. Similarly, according to Aryabhata the *yugapādas' (i.e. parts of a 
mahāyuga) are all egual ; and in his opinion the number of mahāyugas elapsed 
between the commencement of Kalpa up to the present Krta and other yugas 
is a whole number. Hence, according to his view, all planets come together at 
the commencement of each Kalpa, each mahāyuga and also at each Pāda or 
fourth part of a yuga. He has not at all given the number of revolutions of 
aphelia and nodes of other planets in a Kalpa. He had no reason to consider, 
if any years were spent over Création ; but in his opinion, all planets come 
together at the beginning of Kalpa. This shows that he did not at all make 
* the assumption that some years were spent in Creation. If he were required 

to give the number of nodes and aphelia of planets he would have given them 
on the assumption that the beginning of a Kalpa coincided with the first start 
of the planets for their movement. 


Date 


-. Aryabhata has recorded his date in the following couplet : - 


gogai wférdar eudTgTeHaaw garam: |1 
aqfaa faarfawsaTeqaz AASTATĪTTAT: 11 
SPINE S. 


. Āryabhata says that he was 23 when sixty 60-year cycles (i.e. 3600 years) 
had elapsed after the three ‘yugapadas,’ that is, in the 3600th ‘Kali-elapsed’ 


year, which.is the same as Saka 421. This shows that his birth year was 
Saka 398. 


Length of a Year x : E 


The length of the year according to the Sūrya Siddhanta of the Paicasi- 
dhāntikā is 3657—15**—31»—30"'*?, and that calculated from the elements 
given by Áryabhata above comes to be 3653—155. 31»—15*!?, that is 15 
vipalas less. But according to the original Sürya Siddhànta of the Pafica- 
siddhāntikā, the Kali yuga commenced at midnight on Thursday ; and Ārya- 
bhata has assumed it to begin it at sunrise on Friday, that is 15 ghatis later ; 
but because the length of this year is less by 15 vipalas, the cumulative difference 
in 3600 years would be 15 ghatis less ; and hence, the moment of the mean Sun's 
entry into Mesa i.e. the moment of the beginning of the elapsed year 3600 
after Kali i.e. in Saka 421, according to the original Sürya Siddhānta and 
Aryasiddhanta, comes to be the same; and this shows that he assumed the 
length of the year to be less by 15 vipalas in order to avoid the discrepancy 
which would occur, if the yuga be assumed to commence from the surrise. 


If anyone entertains any doubt about his date, the length of the year as given 


above will leave no room for such doubt. His dew of birth is definitely 
Saka 398. | 
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Place 
Aryabhata observes in the first couplet of his ‘Ganitapada’ 
aiaeag BATT Gm 


*Aryabhata, however, imparts the sacred knowledge in this (town of) 
Kusumapura.”’ 


From this, his place of residence seems to be Kusumapura, which is 
believed to be Patna in Bengal. 


Subject Matter 


The 'dasagītikāpāda” of Aryabhata’s Siddhānta contains the numbers of : 
revolutions and other elements of planets. The next three pādas are devoted 
to ‘ganita’ (Mathematics), Kālakriyā (time units) and ‘Gola’ (celestial sphere). 
The ganitapada includes some subjects from arithmetic, algebra, geometry 
and trigonometry from among the branches of pure mathematics ; and the 
remaining two pādās are devoted to astronomical questions alone. As a 
matter of fact, according to modern conception, astronomy is a branch of 
applied mathematics and hence, it need not deal with arithmetic and other 
branches of pure mathematics; but astronomy often requires the help of pure 
mathematics; and hence, it is natural for such ancient works to include both 
types ; but such a combination is found in very few works. We have no 
means to know if it existed in the original Sirya Siddhānta ; but it is not found 
in the Paūcasiddhāntikā and also in modern Sūrya and Soma Siddhāntas. 
This Āryasiddhānta, the Brahmaguptasiddānta and the second Āryasidhānta, 
however, do Contain pure mathematics also. Bhāskarācārya”s definition of 
` a siddhānta has been given above (page xxviii of part 1), according to which he 
has included in the siddhantas both the branches of mathematics, viz. ‘vyakta’ 
or known (arithmetic) and ‘avyakta’ or unknown (algebra), andlaccordingly 
he calls his two works Lilāvatī and Bijaganita, as parts of his work, Siddha 
nta Siromani ; still he has computed them as independent works; and some , 
referencesin it show that independent works on algebra were already compi-- 
led before Bhāskarācārya's time. The two Aryabhatas and Brahmagupta have 
included algebra and other branches of mathematics in the siddhānta itself ; 
but these subjects have been treated in separate chapters. 


The contents of the 'ganitapada' will be briefly described in Aryabhata’s 
work. This pada consists of 32 couplets in addition to the benedictory verse- 
It contains the following subjects :— i 


Place names of digits of numbers, squares and cubes ; square root and cube 
root ; triangles, circles, and other figures and their areas ; volumes of cubes 
and spheres; calculation of sines and their brief treatment ; progressions, rule 
of three, fractions ; an interesting type or two of problems solvable by rule of 
three or by algebra, and a section of mathematics known as ‘kuttaka’ (problems 
of multipliers). These are the topics dealt with in the ‘ganitapada’. Ptolemy 
and the Greek astronomers before his time had no knowledge of the sines. 
They used to make use of chords. The Europeans, before they studied Indian 
astronomy, held the view that it was Al Battani, the Arab astronomer* (who 

ved in the latter half of the 9th century A.D.) first made use of sines in place 


*See page 56, translation of Sūryasiddhānta by Burgess. 
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of chords. But this work of Āryabhata shows that we knew the use of sines 
in Saka 421. Even the modern Sürya-Siddhànta gives sines. One more 
thing worth being specially mentioned is that Āryabhata has very accurately 
given the ratio of the circumference of the circle to its diameter by the following 
verse :— 


aque TINS g EAT wee 11 AAI AR AENA 
quae: 11 Lo Mt 
TPT TIT 


The approximate length of the circumference of a circle whose diameter is 
2000 is 62000 increased by “104 multiplied by 8". This gives 62832 as the 
length of the circumference corresponding to 2000 as diameter, which gives 
1:3.1416 as the ratio. Even this has been given by him as only approximate. 


DIURNAL MOTION OF THE EARTH 


Aryabhata is the only astronomer in our country who holds that the earth 
Totates round itself; in other words, he holds that the earth has a diurnal 
motion. He remarks :— 


aqaa: T factu uq un spem TFT aed, Suum 
THAT 1 
THAT, 
“Just as one, sitting in a boat, observes stationary objects moving back- 


wards; similarly, to an observer in Lanka (i.e. equator) the stationary stars 
appear to be moving towards the West”. 


The commentator of Bhataprakāšikā has attempted to make out in the 
following lines that even Áryabhata holds the view that the earth is stationary. 


alfa ad alfa agafa afa sedis spar facta 
,0 MÄ feat Teale vata” 


But Aryabhata instead of giving the revolutions of stars in the list of 
elements has given the rotations of the earth. He has also remarked 
at another place (4th couplet of dašagītika) that the earth revolves through 
one minute of arc in a unit of time known as ‘prana’ (i.e. 4 of a pala). 
Similarly, Brahmagupta and others have criticised Aryabhata for holding the 
view that the earth rotates. Brahmagupta says :— 


aata aot wate af Ray aa utar p atadan qu a fa 


Uga: FCAT d 
a. fa. sr. 22. 


Af it be assumed that the earth does rotate one minute arc in one ‘Prana’ 
unit of time, where, then, does it go and by what track, and how is it that 
Objects situated as elevated places do not fall off ? 


: caning :—The stars, (when they take the place of a ‘subject’) observe the earthly 
objects (which became an ‘object’) as moving towards the east. 
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The compiler of Bhataprakasika commentary has offered his comments by 
taking ‘bha’ (i.e. bhamandalam) in place of ‘bhih’ in the couplet ‘pranenaiti 
kalām bhüh'. The Aryabhata’s couplet just followirg the Arya “anuloma 
etc.”, runs thus :— 


s«qmauufifud frei Tae mq fea: o arena: quar 
SAÍA u 20 iut 
MANR. 


“The starry cage, being daily tossed by the ‘pravaha’ wind, with the object: 
of causing rises and sets, is seen at the equator to revolve from east to west.” 

Considering all things, however, it appears that it was Aryabhata’s definite: 
view that the earth rotates. He only accepts the earth's diurnal rotational. 
movement*. It does not appear that he held the view of the earth's revolution 
round the sun. 


This Siddhānta by Āryabhata does not contain chapters like other Sid- 
dhāntas ; but it deals with almost all the subjects in them excepting those in 
the chapters on "elevation of the moon's cusps” and *conjuctions of planets 
with stars". Brahmagupta has criticised him that the Aryabhatiya will not be 
helpful in obtaining the knowledge of elevation of the moon's cusps, shadow. 
etc. This Siddhānta does not give the longitudes and latitudes of Junction- , 
Stars like other Siddhàntas, and this is another drawback. Had these been 
given, it would have been a great help to the history of astronomy, since the 
date of Áryabhata is definitely known; not that this subject was unknown in 
his time or before, for the Paficasiddhantika gives some information about the 
latitudes and longitudes of Junction-Stars of naksatras. This Siddhanta 
mentions nothing about the precession of equinoxes which is again a very 
important subject. 


KARANA WORK. OF ÁRYABHATA 


This Āryasiddhānta is very brief; still, the subjects dealt with in it are so 
treated as to beclearly understood. Brevity has not caused any lack of clarity. 
Still its general form shows that it has not been compiled with the object of 
being useful to astronomers for every day use, but for mentioning the important 
subjects which are the Siddhāntas or established truths., It is true that a 
Siddhanta work cannot be useful for every day purposes; a Karana work is. 
necessary for the purpose. The work, however, is not extensive like other 
Siddhantas and does not deal with all the subjects. Itistruethat the calculator 
requires more time if he takes the help of the modern Sürya Siddhānta, Brahma 
Siddhānta or Siddhānta Siromani instead of any Karana work, but he wilt 
not be handicapped if he has only one Siddhānta available and not others. 
Such is not the case with this Siddhanta. For instance, it does not give the 
methods of calculating tithis, naksatras and karana nor does it give the cal- , 
culation of ‘mahapata’. It is not that Āryabhata did not know what ‘maha- 
pata’ is; the Āryasiddhānta does refer to it. Similarly, the terms tithi, 
naksatra and karana must have been known in his time. There are also other 
subjects which are found in other siddhāntas. This leads me to think that 


*It is stated on page 2 of Grant’s History of Physical Astronomy :—It is said that it was 
the view of Nicetas of Syracuse that the earth only rotates about its axis. It is also said that 
it was the opinion of Pythagoras, the Greek philosopher (6th century B.C.) that the sun is 
at the centre of the Universe and the earth revolves round him. But the auther does not 
think that these views were formed from the results of observations, and that accurate methods. 
of calculating planetary places were established by them.  Perha ps. these might have been 
simply notions. 
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Aryabhata might have compiled some Karaņa work. Aryabhata’s conception 
of the day commencing with sunrise is given by the second couplet from 
Dašagītika given above (page 53 ); but Varāhamihira remarks that according 
to Āryabhata, the day is said to commence even from the midnight at Lankā 
(page 25 ). This statement of Āryabhata is not found in the Āryabhatīya. 
and even Brahmagupta is not seen to criticise him for this. It proves that 
even at the time of Brahmagupta, the Āryabhatīya did not contain some such 
couplets. Brahmagupta has referred to the two parts of Āryasiddhānta by 
these very words, viz. 'dasagitika and āryāstāšata”. From this it appears that 
no one has added anything to or taken away from the Āryasiddhānta which 
existed before Brahmagupta. The Varāhamihira's statement, therefore, 
suggests that Áryabhata must have compiled some other work, and Brahma- 
gupta’s Khandakhadyaka and Varuņa's commentary on it, lead one to cor- 
jecture that there must have existed some Karana work written by Āryabhata. 
It is, however, not available at present. 


Criticism 


Brahmagupta has levelled a great deal of criticism against Āryabhata 
After enumerating different points of criticism, he further remarks :— ` 


saga ala gantina VBS cafum 11 TE qan TEI TAT 
| faa aaf 11 *2 11 
= area ART gai TENET fep eee (p p AAT MATT qq Ta, 
| qu queedsí 
MYR MTA West aI TTT N. 3 
g. q. fa. ar. tt. 


*Aryabhata himself has claimed the correctness of this calculation; but 
that calculation has been proved to be incorrect on account of its disagreement 
with the ‘actual phenomena of eclipses. etc. Since-Aryabhata understands 
nothing of mathematics, celestial sphere or time, I have not mentioned se- 
parately his demerits concerning short-comings in respect of other subjects. 
It is impossible to enumerate all demerits of Āryabhata.” f 


The fact that calculations of eclipses, etc., made from Aryabhata’s works 
showed disagreement with thè observed results is worth-considering. Their 
correctness or otherwise can be judged from some of the points of criticism. 
enumerated above. Although it is true that some of the points are correct. 
still, Brahmagupta's statement betrays a great deal of prejudice. 


Loss of Works 
Brahmagupta says :—- 
amino INT Hed: IST p d aag: 11 
“I have not repeated the demerits which have been stated by others as. 
time elapsed." 


But, of the available works compiled before Brahmagupta, it is’ only the 
Panīcasiddhāntikā which mentions Aryabhata’s name only, and makes no 
mention of any of his faults. This shows that some works of pre-Brahmagupta 
period must have been lost. The works of authors belonging to the period 
before Saka 421 and mentioned above are not at present available. 
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HIS CALIBRE 


The main criterion of testing the capability of the author of an astronomical 
work, is the agreement of its calculation with observation, and this criterion will 
reveal a high degree of capability in the case of Āryabhata. It has been noted 
above that he has found the numbers of revolutions of Jupiter and Mercury to be 
different from those of earlier works ; it, however, appears that he improved 
the earlier works as far as the calculation of true places of planets was con- 
cerned. According to Brahmagupta, Srisena and Visņucandra borrowed the 
method of calculating planets’ places, the aphelia, nodes and epicycles from 
Aryabhata's works. The very fact, that although the original Sürya Siddhānta 
of the Pafica-siddhantika, the works of Lata, and others, and the Āryasiddhānta 
existed before them, they chose to borrow the calculation methods only from 
Aryabhata's works, easily shows that he possessed greater capability than 
others as far as agreement with observation was concerned. The table of 
*paridhyamša” (i.e. epicycles in degrees) of all the authors, given later on, 
in the chapter on true places, will show that Aryabhata’s ‘paridhyamsas’ of 
the cycles of apsis and conjunctions, which form the main item in calculating 
true places of planets, were different from those of the Paficasiddhantika. 
"This shows that he improved the methods of calculating true places. Even 
* though Brahmagupta, an adept in fault finding, has remarked that the demer- 

its of Āryabhata cannot be enumerated, he observes in the first couplet of 
Khaņdakhādyaka. l 


SUT ASAR ATTA ASL eme Mo 


“I will compile the work Khandakhadyaka which would give results equal” 
to those of the learned Aryabhata.” ' 


Brahmagupta had to set aside the vanity about his own Siddhānta, and to 
say that he has compiled a work which would be a match for that of his greatest 
rival. This clearly reveals Āryabhata's capability and it becomes further en- 
hanced in our eyes becawse his work attained prominence, even when original 
Sürya Siddhànta and other works compiled before his time were in existence 
and this fact is further.confirmed from the following verse :— 


raiti ae faurafrzfiaua req Aaa aT i 
qå: FG VATA MAC, seq AM RAT SPRPWETRTSTR: |i 
It is not known who wrote this and-when. Dr. Kern has quoted it in the 
Introduction. The compiler of this verse states,that because the calculation of 
setting of planets and eclipses based on the existing methods of the five Sid- 
dhāntas did not tally with the observed results, the Sun god himself was born 
in Kusumapura, under the name of Aryabhata in order to find out correct 
motions of planets. This states that the five Siddhāntas did not give results 
agreeing with observations. It, therefore, shows that some one has compiled 
the verse soon after Aryabhata. This also clearly shows that Aryabhata 
was regarded as very capable, and the capability was really very great con 
sidering the age in which he lived. Aryabhata himself observes: — 


afacaafetacdicatta EE E C EET aTTartragatmmrda aT} 
EN | | ad 11 vou 
WWWSHTRPQRTT Aad Squared i Used AUT faa eR ap veg 


*This comparison is not complete. To what extent it holds good will be shown later in 
Brahmagupta’s account. s 
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“I have finally corrected* the ‘Sun’ from the yoga (conjunction) of the sun 
with the earth, the *moon' from the conjunction of the moon and the sun ; 
and all the ‘planets’. from the conjunctions of the moon and stars with the 
planets. I took out the jewel, in the form of true knowledge, through God's 
favour or with my own intellectual power, from the ocean of real and false 
knowledge." 


Eclipses and conjunctions can lead us to find even the mean motions; 
but it is the true place which is chiefly found from them. This verse and the 
one referred to before this, will show that Āryabhata has made an improvement 
in the calculation of true places. Similarly, his high capability can be seen. 
from the fact that he made researches by means of observation and intelligence 
after critically studying the old works with common sense. 


ITS INFLUENCE AND FOLLOWERS melt 


Utpala has extracted a number of couplets from Aryabhatiya in his com- 
mentary on Brhatsamhitā; and extracts from it are also found in a number 
of works compiled later on. LALLA, the famous astronomer, was a follower of 
Āryabhata. He has suggested a correction to the planetary motions given by . 
Āryabhata. The Karana work, named Karaņaprakāša which belonged to the 
Arya-Paksa and was compiled in Saka 1014, has been compiled after applying 
: Lalla's corrections to the planetary places and motions obtained from the ele- 
ments given by Āryabhata. (This will be explained in detail later on). 
Similarly, DAMODARA’s Karana work, named Bhaja:ulya, which was compiled in 
Saka 1339, follows the same method. . Many people use Karaņaprākāša even 
now for calculation and many are its followers. The Grahalaghava has adopted 
the positions of Jupiter, Mars and Rāhu from the Karaņaprakāša and the 
Grahalaghava is followed in more than one third part of India. 


PLACER 


It shows that the Āryasiddhānta is even now followed, if not in its original 
form, at least with the application of corrections to it. Quotations from 
Āryasiddhānta are not found in astronomical works which were compiled in 
Mahārāştra and Vārānasī after Saka 1400. It has already been pointed out 
above that the Ārya siddhānta is not available on our side in its original form, 
Dr. Kern has published an Āryabhatīyat on the basis of three manuscripts 
obtained by him. All these manuscripts are written in the Malayalam script. 
This shows that the Āryasiddhānta is still known in South India and specially , 
in the Malabar province. The provinces which speak the Tamil and Mala- 
yalam dialects follow the almanac computed on solar basis, and it belongs 
to the Āryapaksa, since the year adopted in it is according to'the first Ārya- 
siddhānta. The Vaisņavas are adherents of the Arydpaksa. They form a 
. large part of the population in Karnataka and Mysore. Patna in Bengal 
(at that time) is believed to be Aryabhata’s place; but there is some doubt 
about it ; because, the Āryasiddhānta is not at all in use in Bengal. It appears 
from this that the Kusumapura mentioned by Āryabhata might be some 
place in the south; nothing can be, however, said. about it for certain. 


PLANETARY + CORRECTIONS 


It has already been pointed out that the places of planets given 
by the Āryasiddhānta, sometimes tally exactly with those calculated from 
European tables;-but for a clearer understanding and consideration of them, 
the mean positions of planets true for the mean Sun’s entry into Aries of 
Saka 421 (i.e. 499 A.D.) as calculated from the Aryabhatiya and also from the 
European tables have been giver together in a tabular form, on page 62-63 


*'The first sentence refers to the lunar eclipse and the second to the solar eclipse. | 


Variation in Variation+ Variation in Sāyana places Nirayaņa places. 
Planets Solar distance Brahmagupta or—from Solar distance calculated from obtained from 
as compared Siddhàrta Col. 12 as ccmpared Keropant's Col. 11 by 
with Col. 12 „with Col; 12 plenetary tables applying ayan- 
àrm$a Correction 
of +16' 54* 
7 8 9 10 11 12 
S o ^ » 5 o , = 
o r? o 8 + L4 + , 
Sun 0 0 051 45 +0 51 45° 0 11 29 43 6 0000 
Moon . —0 21 52 9 11 31 46 +0 38 58 —0 12 47 9 10 35 54 9 10 52 48 
Moon's Apogee —4 15 16 1 721 3 +1 10 33 +0 18 48 1 553 36 1 61030 
Rāhu —4 16 51 11. 23 23 14 +0 28 56 —0 22 49 11 22 37 24 11 22 $4 18 
Mars +2 19 39 0 8 445 +0 59 45 +0 8 0 0 648 6 0750 
Mercury +14 33 27 6 041 2 : —2 41 10 —3 32 51 6 3 518 6 32212 
Jupiter —1 28 38 6 728 9 —0 1 45 -—0 53 30 6 713 0 6 7 29 54 
Venus . —3 3Q 28 11 26 57 12 +0 39 36 —0 12 9 11 26 9 42 11 26 17 36 
Saturn +2 514 119 0 1 +0 39 55 —0 11 50 118 312 1 1820 6 
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For a simultaneous comparison of all the works, the places of planets have 
been calculated from the original Sürya Siddhànta, the modern Sūrya Sid- 
dhànta, and the Brahma Siddhànta for the same moment and have been noted 


in the same table. 
The moment of mean Sun's entry into Aries for the (elapsed year) Saka 421 


works ` 
gh. pal 
Original Sürya Siddhānta 15 0 Time elapsed after mean 
| sunrise at Ujjayinī on 
First Ārya Siddhānta 15 0 + Sunday, 9th lunar day. 


of the dark half of 


The modern five Siddhāntas (Sürya . 16 24 . 'amánta'  Caitra, ie. 
and others) the 21st of March. 


Brahma Siddhānta (Caitra Krsna 8, 22 30 
Saturday). 

The 11th column on page 63 above, gives places of planets as calculated from 
Keropant’s planetary tables ; they are, therefore, as accurate as those calculated 
„from European tables. They are Sayana. Out of these, the secular equation is 
applied to the moon, the moon’s apogee and the moon’s node only. After 
applying the ayanāmša correction of ‘plus 16’-54” in Saka 421 to the planets 
in: this column, the nirayana positions so found have been given in the 12th 
column, and the places given by works, like the original Sūrya Siddhānta and 
others, have been compared with these figures. The precessional motion in , 
20 years comes to be 16'-54" ; and taking this figure as the ayanāmša for Saka 
421, therefore, is equivalent to taking zero as the ayanāmša for Saka 441. 
This year is very near to Saka 444, It is true that the equinox was near the 
junction-star of Revati about Saka 496, and it is suggested that the aynāmša 
„for that year should be taken as zero. But it has been pointed out thereafter 
in, the study of the precession of equinoxes that the Indians were right in sup- 
posing Saka 445 as the-zero-precession year according to their system. The . 
object of assuming 16'-54" as the ayanāmša, while comparing the figures, is 
that it would facilitate the comparison with reséct to the sun. It is not that 
there will be much error resulting from this. The error, at the most, would: 
be four minutes-of arc. ; " 

There is no harm if seconds. of arc be neglected while making a comparisons * 
since, they can be said to be carrying no value in the comparison. The sun’ . 
longitude as given in columns 1 and 3 is zero ; and hence, the results of com- 
parison of the planets' places in them with those of the 12th column which are 
noted in columns 2 and 4 are with respect to the planets and to the sun also, 
which means that the figures in columns 2 and 4 give the differences obtained 
by comparing the planets’ positions independently with those given in column ^ 
12. Similarly; the figures in columns 2 and 4 indicate also the differences 
obtained by comparing the figures, showing positions of planets in column 12 
ahead of the sun's position given in it and the figures indicating the advance of 
planetary positions in columns 1 and 3 over the positions of the sun given in 
them. The sun's longitude given in cols. 5 and 8, is not zero ; and hence, the 
differences in the planets’ places in these columns, as independently compared 
with those in the 12th column, have been shown in the 6th and 9th columns; 
and their differences, when compared with respect to the sun, have been given 
in the 7th and 10th columns. 

The difference in the case of only Jupiter and Mercury out, of other planets. 
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given by the original Sūrya-Siddhānta, is greater than one degree, while tbat of 
others isless than that. Only Mercury, as given by First Āryasiddhānta differs 
by more than 2 degrees, while other planets do net differ by more than 51 
minutes. Almost all the planets, except the moon, obtained irem the modern 
Sürya-Siddhànta differ by a considerable quantity. As for the differences in 
the positions of planets (with respect to the sun) in the case cf Brahmagupta 
Siddhānta and shown in column 10, that of Mercury only is really considerable, 
that of Jupiter is 53 minutes while that of others is less than 22 minutes of arc. 
The whole discussion shows that there is no harm if it be said that the places 
of planets of all Siddhāntas, except those of mcdern Sūrya Sicchinta, for Saka 
421, used to prove fairly correct. The position of the mcon is no doubt given 
very accurately by all. Allexcept Brahmagupta, have given the seme number of 
revolutions for the moon; but the moon's place, as calculated fic m ihe mcdern 
Sürya Siddhànta has come to be somewhat different frem that of cthers because 
of different lengths adopted for a year. The discrepancy in the cace of Mercury, 
accordir g to all Sidāhāntas, is considerable. The reason for this appears to be 
that its constant proximity to the sun allows rare chances for its cbservation. 


The method of judging the accuracy or otheiwise of astrcncmical works by 
comparing the mean places of planets as fcund frem the Eurcpeen and Indian 
works has been shown to be not without risk in all cases and all circumstances, 
as explained in the course of the discussion of Bentley's methcd of determining 
the date of old works (page 30 ) But in the absence of any better way of 
judging how far our works agreed with observations in respect of the results 
of their calculations, the writer has followed the szme method. 


The numbers of revolutions and other elements mentioned by our different 
works have been given before and some more will be given later on. But, the 
periods of one sidereal revolution as found from European works and cur 


works, have been given further (page ep ) in order to facilitate the ccm: 
parison of the two. 


Ptolemy's measures given in it have been iren from the translation of the ` 
Surya Siddhānta by Burgess, and those for the Sürya Sidģhānta and Brahma 
Siddhānta (or Siddhànta Sircmani) have also been adopted frcm the seme bock. 
"There is, however, probably no error* in them. The figures derived from the 


Practicai Astronemy by Loomis have been adopted as the modern European 
measures. i 


The length of the year, as adopted by our Sūrya Sidchànta, when compared 
with that of the modern European works, appears to be greater by about 8% 
palas—34.5 vipalas and that of the Brahma Siddhānta by about 7 palas—- 
25.6 vipalas. Even though the motion of the moon is considerable, there is 
almost no error in it. The time taken by the moon's ncde for one revolution 
is longer by 4 days and that in the case of Saturn is different by 6 days; ihe 
discrepancies i in the case of others are less thar a day. 


PTOLEMY 


Prof. Whitney observes that he has calculated Ptolemy's elements from tte 
daily moticns given by him, after taking into account the precessional motion 
(of 36" per year) as adopted by him. They do not at all resemble the elementa 
given by our Siddhartas. This proves that our Siddhānta works have not bor- 
rowed the places and motions of planets from Ptolemy’ s works. 


oma, 


—— 


*Even if there be one, no calculation of the autbor given in this book bas been made cn 
the basis of these elements. 
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Planets 


Sun 


Moon 


Moon's apogee 


Meon's node 


Mercury 


Venus 


Māra 


Jupiter 


Saturn 


Times required for one sidercal revolution 


Modern Sūrya Brahmagupta 
Siddhánta Siddhānta 


, 


Days gh. p. v. Days gh. p. v. 


365 15 31 31.4 365 15 30 22.5 
27 19 18 1.6 27 19 18 0.25 
3232 5 37 13.6 3232 44 2 45 


6794 23 59 23.5 6792. 15 14 14.7 


87 58 10 55.7 87 58 11 43.7 
224 41 54 50.6 224 41 52 34.7 
686 59 50 5.87 686 52 52 33.7 


4332 19 14 20.9 4332 14 24 19.2 


10765 46 23 4.1 10765 48 54 51.2 


Ptolemy's work 


Days gh. p. v. 


365 15 


27 19 


3232 24 


6799 58 


87 58 


224 42 


24 31.5 


18 0.2 


40 34 


686 58 49 50.2 


4332 45 


22 56.2 


10758 44 30 37.2 


Modern European 


works 


Days gh. p. 


365 15 


27 19 


3232 34 


6798 16 


87 58 


224 42 


686 58 


4332 35 


107$9 13 


v. 


22 5687; 


17 58.866 


31 14.088 


44 24.000 


9 24.998 


46 


10 


47.486 


2.518 


17.49 


57.49 


J0 AWOLSIH 


AMONOWIS 


Pianets 


Sun 

„Moon 

+ Moon’s Apogee 
Rahu 
Mars 
Mercury 
Jupiter 
Venus 


Satur 


Original 
Sürya Siddhānta 


0 
9 1048 0 
1 542 0 


0 7 i20 
600 0 
6600 
11 26 24 6 
1 19 12 0 


Vāriation-- 
or—from 
column 12 


0 
—0 448 
—0 28 30 


+0 7 0 
—3 22 12 
—1 29 54 
- +06 24 
+0 51 54 


First Ārya 
Siddrànta 


3 


0 
9 10 480 
1 5 420 

11 22 12 0 
0 7 120 
6600 
6 7 120 
11 26 240 
1 19120 


Variation+ 
or—from 
column 12 


0 


— 4 48 
—0 28 30 


—0 42 18 


+0 7 0° 


—2 37 48 
—0 17 54 
+0 6 24 
+0 51 54 


Mean places of planets for 15 Ghatikās after sunrise on sunday.Caitra Krsņa 9, saka 421. 


Five Mcdern 
Sūrya & other 
Siddhāntas 


11 29 58 37 
9 10 2933 
0 5351 


11 18 36 4 
'0 9 23 16 
6 17 54.16 
6 5 59 53 
11 22 45 45 
1 2023 57 


. Variation-+ 
or —from 
column 12 


—0 1 23 
—0 23 15 
—4 16 39 
—4 18 14 
+2 18 16 
+14 32 4 
—1 301 
—3 31 S 
+2 3 Si 
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F ` Aphelia and Nodes at the commencement of the Kaliyuga 


:€—————————— hE 


Modern five . Brahmagupta Second Parásara Sáyana position 
Planets (Sürya & other) Siddhánta Ārya Siddhānta Siddhānta . calculated from 
Siddhàntas i i Keropant’s tables 


———————————————————————À 


€ —— MÀ À—— MÀ SPR MS a — 1 € e LPT ms — 


Aphelia 5 5 5 ww Hle 8 Too out a m e oo ac t o cv gas 
ful. o vo 0 c» ow QST Y 3$ 2 17 45 36 2 17 45 36 2 17 45 36 0 15 12 6 
Mas . . . . . . 4 9 57 36 4 8 18 14 4 3 50 24 4 2433 2 11m 0 
Mercury . . . . , 7 10 19 12 714 47 2 7 0 14 2 7 0 40 19 5 27 46. 18 
Jupiter. . . . . . 52 0 0 5/22 15 36 5 2248 0. 522 35 2 3 03 54 42 
Venus. 2 19 39 0 221 2 10 2 20 38 24 2 20 42 43 8 2 26 30 
Saturn . . . . . 7 26 36 36 8 20 53.31 7 23 9 36 7 28 14 533 59 7 36 
Nodes . j A" R "x + io es 

Mars . 0. . . . 110 $ 24 0 21 59 46 1 10 19 12 ^" 1 9 3 36  — 0 10 4 0 
Mercury . . . . . 020 52 48 0 21 20 53 020 936 021 126. 11 17 00 
Jupiter ^4. . . . . 21942 22 23 2 20 38 24. 2 21 43 12 1 19 4$ 6 
Venus. 0. 0. . . . 2 0 1 4 2.052 2 028 4. 2 052 1 2 39 54 
Saturn QoS od wo ERO 37 1X 3 13 23 31 3 10 48 0 3 10 26.24 2 0:9 O° 


a: i , ' . - 


v 


‘ 
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Aphelia and Nodes in Saka 421 (i.e. Kali elapsed year 3600) 


ion First Arya Siddhanta Modern Sūrya Siddhànta Brahmagupta Siddhanta 
Keropant’s 
Planets planetary Variation Variation Variation 
tables Place from Place from Place from 
Keropant Keropant Keropant 
1 2 3 4 5 6 7 8 
Apsides e ° 4 >” zi s ° : a °’ $ 
Sun 2 17 7 2 18 +0 53 2 17 15 + 0 8 2 17 54 + 0 47 
Mars . 4 8 11 3 28 —10 11 4 10 1 + 1 50 4 8 23 + 0 12 
Mercury 7 24 1 7 0 —24 0 7 10 26 — 13 35 7 14 53 9 8 
Jupiter . 5 20 38 6 0 9 22 5 21° 16 + 0 38 § 22 31 + 1 53 
Venus . 9 21 3 3 0 —201 3 2 19 49 —211 14 2 21 14 —209 59 
Saturn 8 5 12 7 26 — 9 12 7 26 37 — 8 35 8 20 54 + 15 42 
Nodes 
Mars i 8 9 1 i0 + 1 5! 1 10 5 + 1 56 0 21 55 — 16 14 
Mercury . 1 0 18 0 20 — 10 18 0 20 44 9 34 0 21 12 9 6 
Juplter , 2 25 30 2 20 5 30 2 19 41 5 49 222 2 3 28 
Venus . 2 3 40 2 0 3 40 1 29 46 3 54 1 29 49 3 51 
Saturn 3 10 13 3 10 0 13 3 10 25 + 0 12 3 13 13 + 3.0 


amovit WP nA 


- 


The positions of aphelia and nodes of ail planets according to different authors 
at the commencement of the Kaliyuga and those for the year Saka 421 (i.e. Kali 
elapsed year 3600) have been given respectively in tables on pages 67 and 
Prof. Whitney, after giving the aphelia 


68. 


. ĪVOTIBHA, ŠIDDMANTĀ, PÉRIGP 


APHELIA & NODES 


and nodes according 


to Ptolemy and the Sürya Siddhànta together, has suggested that the Hindus ' 


must have taken them elther from Ptolemy or from other earlier Greek works. 
But the following comparative table shows that this statement is incorrect, as 
can be seen from the positions of aphelia and nodes according to Ptolemy and 
also the figures for the same for Ptolemy's time i.e. the year 148 A. D. (Saka 
year 70) as calculated from Keropant's planetary tables which give modern 


European figures. 


A comparison of Ptolemy’ s figures for the Apsides and Nodes (in Saka. 70) . 


with those calculated from Keropant’s tables : — 
Ke ESI UV ESA Es A M ja ORT CUN M CM ARE Rr a 


Apsides 


Planet from , 
Keropant's 

tables 

1 2 

s ° d 

Sun „211 5 

Mars 4 1 39 

Mercury 7 18 32 

Jupiter . 515 7 

Venus . 9 16 18 

Saturn . 7 28 45 


—^———————————————————— s 
The positions for apsides and nodes according to our old works (as shownon 


2 
3 
6 
5 
1 
1 


Ptolemy's work 
(Sāyana) —— 


Position 


3 
5 30 
25 30 
10.0 
11 o 
25 0 
23 0 


Nodes 


Ptolemy's work 


pages 67 and 68 ) at the commencement of Kaliyuga and in the Kali. 
elapsed year 3600 will show that the variation during 3600 years is very small; 


and the reason for this is their very slow motion. 


None of our Siddhāntas 


mention the motion of the apsides and nodes as greater than 1 degree i in 13000 


years. 


The figures calculated from Keropant's tables and shown in the two 


tables above show that, if the equinox be taken to be the initial point, in other. 
words, if the sayana system be followed, the motion appears to be considerable ; 
but the motions appear to be negligibly small if sidereal i.e. the nirayana basis 


be adopted. 


The table on page 70 , gives the annual motions of apsides and .nodes 
very accurately calculated by modern European methods following the sāyana 
sysiem and also the actual yearly motion* according to the nirayana system. 


*These have been taken from Practical Astronomy by Loomis. 


—A— — (Sayana) , ` 
Diff. with , from Position Diff. with 
Keropant’s Keropant’s Keropant's 

place tables . place NR 
4. 2 3 4 
o , s ° , g ? t o e 

— 5 35 7 i i "T 

— 6 9 1529 02530 —959 

—38 3 0 26 5 0 100-15 | 

—4 7 222 1 120-311 

—231 18 2 0 39 1.25 0. — 5 39 

5 45 13 7 28 6 30 0 +85 32 


70 History OF INDIAN ASTRONOMY 
Yearly motions of Apsides and Nodes. 


According to European Calculations 


Planets Sāyana True Nirayana That which According 
must be adopted to the 
according to our Sūrya- 


Nirayana system Siddhanta 


1 2 3 4 5 
Avhelia Seconds Seconds Seconds Seconds 
Sun +61.5 + 11.24 + 1.5 4.09.1161 
Mars +65.7 + 15.46 + 5.7 + .0612 
Mercury +56.1 + 5.81 — 39 + -1104 
Jupiter +56.9 + 6.65 — 3.1 + .27 
Venus +47.0 — 3.24 —13.0 + .1605 
Saturn +69.6 + 19.31 + 9.6 + .0117 
Nodes 
Mars +25.0 —25.22 —35.0 —0.0642 
Mercury +40.2 —10.07 —19.8 — .1464 
Jupiter + 34,3 . —15.90 —25.7 —.0522 
Venus + 29.7 —20.50 —30.3 — .2709 
Saturn- +30.7 —19.54 —29.3 — .1986 


This motion has been calculated after -assuming 50.2" as the equinoctial 
motion ; but our works have assumed 60” as the equinoctial motion. Hence. 
the motion shown in column 4 is the actual annual motion according to our 
works ; and if the figures denoting motions according to European works are 
to be compared at all, they should be compared with this motion. Even when 
the comparison is so made, the motions according to the Sürya Sidhānta 
are found to be very erroneous. The motions according to other Siddhāntas 
can also be said to be equally erroneous. None of the other works gives for 
the annual motions of an aphelion or node, a figure greater than one third of 
a second, It is greater than 1 second according to the European'system. It 
is very easy to criticise our works regarding this discrepancy, simply by seeing 
the figures on papers. But he who knows how difficult it is to observe an arc 
of one second in the sky even with the help of very accurate modern instruments 
will not blame them in that way. It has been observed by the author with 
naked eyes some conjuctions of planets with stars, and it has been our ex- 
perience that those two planets etc. which are actually apart from each other 
by 5 minutes (300 seconds) of arc or more, as observed through a telescope 
appear to be in close contact with each other as seen with naked eyes. in other 
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words, there appears to be no distance between them. Hence, this fact should 
be borne in mind while comparlng the figures of our works with accurate 
measures Of European works and we must praise our works instead of con- 
demning them regarding the apsldes and nodes. We should appreciate the 
authors of our works, in as much as they recognized the. fact that the motions 

of apsides and nodes are very small. Jt should only be seen as to how much 

accurate the longitudes of the apsides and nodes calculated from their works, 

prove io be. The postions of the apsides and nodes in Šaka 421, have been 

given above (page 68) and their differences obtained after comparison 

with thé figurés calculated from Keropant's tables, have also been given.. 
It shows that the positions given by our Siddhàntas are very near to actual 

positions. Keropant-calculation gives sāyana results, but since the ayanāmša 

in Saka 421 was about 20 minutes only, there is no harm in comparing the 

figures taking them as nirayana. The Sun‘s apogee, in fact, shows only a 

very little error ; but the aphelion of Venus, however, shows a considerable 

error. Its cause is not known ; itis a problem worth considering. But looking 

to the remaining aphelia, it appears that the aphelion of Mercury, according to 

First Áryabhata, is less by 24 degrees, while others differ within 10 degrees. 

Those of Sürya Siddhānta are more accurate than these, that of Mercury being 

less by 13 degrees and that of Saturn less by 8 degrees. The aphelia of Mars 

and Jupiter show only a small difference. Those mentioned by Brahamagupta 

are as accurate as in the Sürya Siddhànta or even more so. The table given 

on page 69 compares Ptolemy's aphelia with those derived by Keropant's 

calculation. These positions given by Ptolemy were presumably sāyana like 

his other positions and the fact is corroborated from the positions of the sun’s 

apogee and hencé, there is no harm, if the figures are compared with Kero- 

pant’s sāyana calculations ; and the comparison reveals that even his position 

of the aphelion of .Venus is considerably wrong and his aphelia on the whole 

show greater errors (han those in the Sürya Siddhānta and Brahma Siddhānta. 


The nodes given on page 68 show an average error of 4° in Aryabata’s 
places. Those of the Sūrya Siddhànta are in error by 4°, those of Brahma 
gupta by 7* and those mentioned by Ptolemy (page 69 ) are erroneous by 
as many as 30 degrees. The nodes of Jupiter and Saturn given by him are 
considerably wrong. The position of the sun's apogee as given by him is 65* 
30'. The sāyana position of the sun's apogee in his time i.e. about 150 A.D. 
comes to be 71*. By.no other method can one possibly get 65°30’ as its posi- 


tion. None of our Siddhàntas show an error of more than 1 in the sun’s 
apogee. The error of 5% degrees committed by Ptolemy, is very surprising. 
The statement of Prof. Whitney that the Hindus borrowed the figures for ap- 
sides and nodes from the positions given by Ptolemy or by some earlier Greek 
writers is, therefore, incorrect. He has never himself compared the positions 
of the apsides and nodes calculated from European tables for Ptolemy's time, 
or for Saka 421 or for any other time. He himself says that finding their 
positions involves a very intricate and laborious calculation*. But it is not. 
particularly difficult. Looking to Whitney's general ability, it can be said 
that the calculation of the places was nct a dlfficult task for him. He has cer- 
tainly, not considered the matter properly, and an inference drawn, without 
making proper comparison, is bound to be mistaken. The very differences 
of 3 to 82 degrees between Ptolemy's figures and those of our works in the 
positions of apsides and nodes, show that the two have absolutely no connec- 
tion. The position of the sun's, apogee alone will prove this. The sun's 


*Translation of the Sūrya Sīddhānta by Burgess, p. 283. 
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apogee according to the writers of our Siddhāntas has remained near about 
78 degrees from Saka 421 to this date. It is not known since how long it 
had remained there before the date. Different Siddhāntas differ widely from 
one another in respect of the places of aphelia of other planets but not in the 
case of the sun. Had the Hindus borrowed the positions of apsides from 
Ptolemy's work, how could they have changed the position of the sun's apogee 
from 65? to 78? ?. It will be seen at different places in this work that, while 
borrowing tlie positions of planets from other works, the authors of our works 
do not allow a discrepancy even in seconds. This shows that the apsides 
mentioned by our works have been independently calculated. Even the 
apsides and nodes of the authors of our own Siddhāntas differ considerably 
amongst themselves. This shows that even the authors of our Siddhāntas 
did not borrow figures from one another, but dach of them found them out 
independently. Whitney remarks that “the Hindus were not capable enough 
to derive such data as the apsides and nodes for themselves or to modify or 
improve them when borrowed from other sources, according to the lapse of 
time”; but on the contrary, this very charge can be.made against Ptolemy. 
The sun’s apogee 63°30’ given by Ptolemy was correct for the times of Hip- 
parchus who lived in 150 B. C. It shows that Ptolemy might have taken the 
figure without applying a suitable correction for his time. Calculation shows 
that the aphelia and nodes of other planets also agree with those true for the 
time when Hipparchus lived. It appears from this that Ptolemy might have 
adopted even these from the figures in use in the time of Hipparchus without 
applying suitable corrections. But no information is at present available to 
Show what positions for the apsides and, nodes were assumed in the time of 
Hipparchus or before him and hence nothing can be said with certainty 
about this. It is left to the readers to consider, if the Hindus could have bor- 
rowed the positions of apsides and nodes either from Ptolemy or from earlier 
Greeks* when the figures for apsides and nodes giver by Ptolemy were so 
erroneous and had no similarity with those obtained from Hindu works, and 
when it is not known at present what positions were accepted in Ptolemy's 
time. Ptolemy's figures showing the positions of apsides and nodes which were 
possibly borrowed by him from Hipparchus, and those derived from our. old 
works differ from 3° to 30°in thecase of the apsides and from 4° to 82° in the 
case of nodes. If we assume that the Hindus adopted these figures in their 
works after applying a suitable correction to Hipparchus figures, basing their cal- 
culation on the changes in both, which took place within a period of 650 years, 
which elapsed from the time of "Hipparchus (150 B.C.) to Saka 421 (500 A.D.), 
the difference ought to have been uniform throughout, but it is not so, and 
had they assumed the difference to be due to their motion in 650 years they 
would have given a larger figure for the motions of the apsides and nodes, 
but they mention a figure which is less than 1° in 13000 years. This shows 
that the Hindus did not borrow the apsides and nodes even from the works of 
the Greeks who lived earlier than Ptolemy. There is another proof that the 
authors of our Siddhāntas found out the positions of apsides and nodes true 
for their times independently. -There are no means to know, if the original 
Sürya-Siddhànta had given revolutions of apsides and nodes in a Kalpa or not. 
The Paūcasiddhāntikā does not give these. First Āryabhata has not given 
also, but he has given their positions for his time. This shows that he must 
have come to know that the motions of apsides and nodes, if they had any, 
were extremely slow, but he has not given the revolutions of their motions in 
a yuga, as they could not be detected in a short period. Bhāskarācārya, while 
me eee aaas nT 


*This remark is based on Whitney’s statement. 
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«describing the method of finding the position of the sun's apogee at a given 
:tlme, observes about its motions as follows :— 


Gra qaa audam dre ania agaaa, fer f: 
| at da lt 
HITT: afgatetormgdītorīgi UdTqqew wafa d ATT Gaal Er WT BETA: 11 


The purport of the lines is given below :— -> i 


«The motion of an aphelion can not be detected even in centuries. But - 
the motions of the moon's apogee docome to notice. Assuming that the 
sun's apogee may also have a similar motion; the author arbitrarily took such 
a number for revolutions as would give correct position* for the desired 
moment." Bhāskarācārya has written that similar method should be followed 
in the case of the aphelia and the nodes of other planets "also. It shows that 
the authors of our Siddhāntas knew how to find the positions of the apsides 
and nodes at a particular time and they have accordingly found the figures for 
their revolutions. This proves that the writers of our Siddhaitas have independently 
found eut positions of the apsīdes and nodes for thiir times. 


VARAHAMIHIRA 
His Date 


He was a famous astronomer, who compiled works on all the three bran- 
ches of astronomy. Let us consider his probable date. He has nowhere men- 
tioned his date explicitly. But he has already mentioned in his Karana work. 
named Paíicasiddhantika that he has adopted Saka 427 as the starting year 
He must have been at least 20 years old, if he had compiled the work then. 
It is impossible that such a work could have been written at an earlier age and 
from this we can take Šaka 407 as the approximate year of his birth. A line ls 
Often quoted in support of the date of his death. It runs as follows :— i 


Tare ua semuqn aque Wfesrarat faq Ta: t 


"which means that Varāhamihira passed away in Saka 509. It is not known if 
this line was originally in prose or in metric form, if in metric form, it is 
‘extremely incorrect. According to some, this line is quoted by PRTHOSvAMI, 
the commentator of Brahmagupta. The anthor has gone through the 
Prthüdaka-commentary of the first ten chapters of Brahmagupta's Siddhānta, * 
but he has not come across this line in it. He has not read the commentary on 
Golādhyāya and other chapters following the first ten. He is unable to say, if 
the line is given in this commentary or in that of Khandakhadyaka. This 
Prthüdaka lived about the Saka year 900. If the line was written by Prthūdaka 
himself, it must have been written 400 years after Varāha and hence it requires 
i eu scrutiny for its acceptance in the face of Saka 427 given by Varāhā ` 
1mself. 


According to Prof. Weber** À it is the statement of ĀMARGJA, the commentator 
of Brahmagupta that Varahamihira died in Saka 509. He has not given. the 
original quotation, but it must pobably be the same as above. It is, thereefor, 


*The apsides were assumed to be at the first point of Aries in the beginning of Kalpa. 
** See footnote 293 in Weber's book. 
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doubtful if the line is the quotation of Prthüdaka or of Āmarāja. Weber has 
quoted another statement of Āmarāja that SATANANDA was born in Saka 917, 
But the work, Bhāsvatīkaraņa of Šatānanda has taken Saka 1021 as the epochal 
year. There is no other well known Šatānanda. From this, aamarāja”s state-. 
ment about Šatānanda appears to be quite incorrect ; and hence, if it is made by 
Amaraja at all, it also deserves little or no consideration. The second point 
to be considered, iš that Amaraja’ s statement carries little weight since he 
lived after Saka 917, that is 4 or 5 centuries later than Warahamihira: Con- 
. sidering also the correctness or otherwise of our manuscripts, if the above 
quoted line be in prose, it leaves room for doubt, if it has come down to us 
in its exact form. It is, therefore, clear that it is better to accept Saka 427 
which is given in his own work and which leaves no room for any doubt ac- 
cording to planetary positions given in it, as more reliable than to say, after 
relying on such a quotation, that Varāhamihira died in Saka 509. It is true 
that the Saka year which is adopted by a Karana work need not be the year 
in which the work was completed. Thus Keropant’s work has given examples. 
for Saka 1772, though it was printed in Saka 1782. In the same way, Varāha's 
work could have been completed after Saka 427.' Even then, the calculations. 
concerning the work might have started in Saka 427 or in about a year or two 
before or after it. Otherwise there seems to be no other reason for adopting 
Saka 427 as the epochal year. If he was not born in Saka 427, there was no. 
possibility of adopting that Saka. This shows that he was not born after: 
Saka 427 ; not only this but it is felt that he must have been at least 15 or: 
16 years old i in that year, and he must have selected that year for solving ex- 
amples ; and that is why the year appears in the work. There is no other: 
probable reason for its mention in it. The mean sun's entry into Aries oc-- 
curred nearabout the first lunar day of the light half of Caitra (i.e. amānta 
Vaišākha) in Saka 427 ; and he must have adopted the year Saka 427, because- 
it was convenient to calculate the mean positions of planets for the moment 
and to describe the method of calculating ahargana from the 1st lunar day of 
the light half.. It is just possible that the work might have been actually com- 
piled even later. But even then, the mean sun’s entry into Aries apears to bave- 
occurred near about the first lunar day of the light half im Saka 419 before Saka .. 
427 and in Saka 438 before that year. The year 419 need not be considered. 
at all and the figure 438 has not been adopted. This shows that the work was. 
completed before Saka 438. The Paīicasiddhāntikā mentions Arysbhata’ 8. 
name and his work was compiled in Saka 421 ; hence, one may be led to raise- . 
the objection that there was hardly any possibility of Aryabhata’ s work having. 
become so famous in a period of 6 years ; but the objection is not worth much. 
consideration. Varāha”s work could possibly have taken 4 or 5 years morc: 
after Saka 427 for completion. It is, therefore, not quite impossible for the: 
well known astronomer, devoted to the same work and residing in the famous. , 
city of Avanti, to have noticed Aryabhata’s work or to have known his viewsr 
It appears for certain that in Saka 427, Varāhamihira was old enough to be 
able to do calculations. If, therefore, it be supposed that. he was 15 years: 
old in Saka 427, his year of birth comes to be Saka 412 and if Saka 509 be 
supposed to be the year of his death, his age at death comes to be 97 which is 
not an impossibility. The birth-year of Varahamihira, then, from. all con- 
siderations comes to be about Saka 412. It is just possible that he 
adopted Saka 427 as the starting year, “because it was his year of 


birth. There is however, no doubt that his birth year is not later tham 
Saka 427. 
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The following verse from the work; Jyotirvidabharana, shows that Varáha-- 
mihira was one of the nine gems at the court of Vikrama, i.e. near about the: 
commencement of the Vikrama era :— 


Kafe mata ga TT ASARIS TAT: (0c 
ena attgfafēti qud: mE xen d quei (amer 1 
The famous Varāhamihira was one of the nine gems at the court of Kine: 


VIKRAMA. . These nine gems were ;—Dhanvantari, Kspanaka, Amarasimha, 
Samku, Vetalabhatta, Ghatakharpara, Kālidāsa, Varāhamihira and Vararuci”. 


It has been mentioned in this work that it was compiled by the famous poet 
Kālidāsa who composed tke poems “Raghu”, “Kumāra”, etc. and the verse. 


qd: Rrquaabdia Up 2044 alt Hat Thad ara ataa faa = fufadt 
: : TRIER: d 
This work :was begun in Kali-elapsed year 3068, in the month name 
Mādhava. ; 


It is stated in the verse that the work was commenced in 3068 elapsed from. 
Kali, that is, in Vikrama Samvat 24. But it also describes the following. 
method of finding ayanāmšas for a particular year. 


SIT: mifa Vey fT gut ATT Tah go WARNET: UN: || 


Subtract 445 from the Saka number (of the year concerned) and divide (the: 
remainder) by 60, and the result would be the ayanāmša. Also, the first 
chapter contains the word at atrgfafgufēaa.: meaning, ‘as accepted. 
by Varaha and others" and hence this work cannot be relied upon.. 
If some other Varāhamihira had lived about the commencement of Vikrama. 
era, as mentioned in this work, he must have been a different person from the: 
compiler of the Paficasiddhāntikā * 


His LINEAGE, RESIDENCE, ETC. 
Varāhimihira observes in Brhajjataka, 


1 " 
MPAA AAA: BIH saquen: i 
sra Fert Afraataradtaa semp aurgfufexl efe ATR N en 
| STWERTETT, 
*The late Raghunāth Šāstrī Tembhükar, an astronomer of Poona, gave me a verse about: 
the date of Varahamihira, which he reported to me to have taken from the Kutühala Mahjarī,. 
belonging to Rājārāma Vyankateš Šāstrī of Bidar. The verse runs thus :— 


tatad taa cTWPfzrqaiqvd Jo? mataia aefa wa qq aN- 
Tee i dā equ agfa fri rofa fa 
Gaffaf: n I 


LÀ = 
"(Meaning :—The Brāhmaņa ‘Varaha’ son of Ādityadāsa and proficient in Vedangas, was 
born with the blessings of the god Sun, on the 8th lunar day of the light half of Caitra,in the- 
year named Jaya, in the Yudhisthira Saka 3042). Varahamihira, the author of Paficasiddhàn-- 
tikà also was “son of Ādityadāsa, who got him with the blessings of the god Sun’, But the: 
year mentioned in this verse does not agree with calculation by any method whatsoever ;. 
hence, the verse is not reliable. 
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«Varāhamihira, who was the son of Ādityadāsa, from whom he obtained 
knowledge, who was blessed with the god Sun at Kāpitthaka and lived in 
- Avanti, compiled this beautiful ‘hora’ work, after studying the views of sages". . 


This shows that Ádityadasa was the name of his father, from whom he mas- 
"tered all knowledge. He received blessings from Sun at Kāpitthaka and was 
the resident of Ujjayini. Kapitthaka must be a place near about Avanti, and he 
"might have lived there for some time. That he was the devotee of Sun, is 
apparent from the prayers chiefly offered to Sun god in the benedictory verses 
-he has given at the beginning of all his works. The following verse from the 


Paücasiddhantika shows that his tutor in astronomy was a -preson different 
from his father : 


feratatfategai fafaga Alaa: staat 11 
Far TE TS GIC T: HAY TAT: N g i! 


quum, ?. 


That he was the resident of Ujjayini can be seen from 4 or 5 of his referen- 
«ces made elsewhere. 


FOREIGN TRAVEL. ` 


: Some people are found to believe that Bhāskarācārya went to Greece to 
` dearn ‘astronomy’. But, looking to his works and to those of his earlier 

"writers, this belief appears to be quite baseless. The same remark is also 
made. about Varahamihira by some. “But his works and Bhatotpala's comm- 
«entary on them show that works on all the subjects deat with by Varāhamihira: 
in his works existed in plentv in our country before him and hence he had 
no reason to go to a foreign country. 


His WORKS 


He has compiled works on pilgrimage (travel), marriage, . mathematics 
«(Karaņa), Hora (astrology), and Samhita (Astronomy). His famous work 
-~on the Samhita branch, known as Brhatsamhità was compiled by him after 
-all other works as can be seen from his own remark made in the Brhatsamhita. 


ATA IRA IMI HLT SUYA: | 
EK fueran. sew a faang: WE qd ad 1] eoi 


HT ?. 


“I have treated in my Karana work the questions of direct and retrograde 
motions, the rising and setting of planets and luminaries ; the work on Horā- 
"branch which includes the description of birth in detail, has already been des- 
-cribed along with the subjects on travel and marriage”. 


The work on Horā-branch, alluded to by him, in the above verse, refers no 
-doubt, to the Brhajjataka. The following verse from the Brhajjātaka sbows 


‘that the works or. marriage and Karana preceded the Brhajjataka while that on 
«travel (yātrā) followed it. R 


amaa Faas: dega senes WTAE 11 3 0 
RaT: Ho Reto? gue TTR aETAT T TAT e g 
q. WT. GAERTN, 


“The group of three (subjects) which I will describe along with the subject of 
birth, have been given ir 25 chapters. ...the subject of marriage, and that of 
the ċalculation of planets, which are described independertly, form ‘extensive 
branches” 


The karana work referred to in it is the Paficasiddhāntikā itself. It does not 
refer to any other work compiled earlier. This consideration and the consi- 
deration of his age lead one to believe that the Paūcasiddhāntikā itself was 
Varāha's first work. Utpala’s commentary on chapter 1, of the Brhatsamhita, 
shows that his work on marriage was known as Brhadvivāhapatala. This. 
work and his work on pilgrimage are not available at present. He has com- 
piled a work named Laghujataka on Hora branch in addition to his Brhajjā-- 
taka ; he remarks in it, . 


Amara Tara frag fO we ti 
aeara a: AAS aam 11 2 


“ After studying the scientific works compiled on the subject of astrology 
(Hora), I describe their summary in Arya metre.” ~ 


CIRCULATION OF WORKS 


This shows that the Laghujātaka is the abridged edition of Brhajjātaka. 
From all considerations the order of his works seems to be as follows :— 


Paūicasiddhāntikā, Vivahapatala, Brhajjataka, Laghujataka, Yatra, Brhat- 
samhita. The Laghujataka, in this, might have been probably compiled 
after Yatra and Brhatsamhita. The works, Brhajjātaka and Laghujataka. 
are very much in use amorggt astrologers even £o this day ; and both of them 
have been printed at Bombay, Poona, Varanasi and other places and might 
have been published in several places in different scripts. Dr. Kerne, has. 
published only the text of the Brhatsamhitā and its English translation in the 
5th volume of the Royal Asiatic Society. The text of the Brhatsamhitā has 
been published in the Bibliothica Indica at Calcutta. The Jaganmitra press 
of Ratmagiri has published the text of Brhatsamhita along with its Marathi 
translation. 


COMMENTARY 


Bhatotpala is the famous commentator of Varaha. The Brhatsamhita 
and the Brhajjātaka being very useful works, have remained in use up to this 
day. Even then, it may also be said that Utpala's commentary has specially 
-been the cause of their popularity. Utpala, in his commentary on the Brhat- 
samhita, in the discussion on ‘ Nirajara vidhi ', remarks '** commented in detail 
under the question of travel" which shows that Utpala has written a com- 
mentary on the work on pilgrimage. He wrote a commentary on the Laghu- 
jātaka also. Other works of Varaha do not appear to have been commented 
upon by Utpala. The date of Utpala's commentary comes to about Šaka 


“78 


-888 s.e. about 400 years after Varaha. His remark * others hold this-view ” 
in the commertary on Rāhucāra and at other 2 or 3 places, show that there 
were other commentaries on the Brhatsamhitā before Utpala’s time. The 
-commentaries on the Brhajjātaka by Mahidasa ard Mahidhara are in the 
Deccan College collection (See Nos. 341, 343 of 1882—83 A.D.). : 


DESCRIPTION OF His WORKS 


. A more detailed description of the Brhatsamhita, the Brhajjātaka and the 
Laghujataka will be given later on. A description of the Paficasiddhantika, 
‘his works on mathematical-branch, has been given before in almost full details. 
The remaining points will be dealt with here. 


A verse has alteady been given above which remarks, “ I have described in 
the Karapa work the questions of retrograde and direct motions, setting and 
rising of plantets, etc." Later on be observes, 


qa Tal Tat at wfaemWIfasud amaA: 11 AeA WOOD AAT Xd 
qafagiata 11 
g. v. X. v». 
“ I have incorporated from the Sūrya Siddhānta in my Karana work, the 


knowledge of predicting, like the seers of the three times (past, present and 
future) when and how war will take place.” 


. And all these questions. have been dealt with by him in the Paficasiddhan- 
tika. This remark and other proofs also show that the Paficasiddhāntikā 
itself was his Karana work (i.e. a work on practical mathematics). Nowhere 
ir the book has he mentioned Paūcasiddhāntikā as its name. 


S TA ECHESE EC HESEERE FG EE EI ERE LO EMT 
ws atefafedl «arf ferc HOT 11 gU UI 
q. fa. sr. 5 


** Free from jealousy Varahamihira has given this excellent short treatise on 
the planets comprised in 18 āryās.” 


In this, he calls the work as a Karana and a Tantra. He has, at one more 
place in the Paficasiddhāntikā, called the work a Karana or a ‘Tantra’. Utpala 
has given the name of Paücasiddhantika to the work. It has already been 
pointed out that he.has translated the five Siddhantas. He has recommended 
his own corrections to be applied to the mean positions of planets mentioned 


-by the Sūrya Siddhanta. 
«arm: ate fx fae: frat weraferfes 1 
WW Lo Se Afaa: TELAT ATI AAT wlFo WT: 11 $e || 
dum RW fatear: fet qu ARSE 13e ATT Nt 
«The followin 
15 seconds per 


: 7$ to be added 
to Mercury.” 


g corrections should be applied to mean places of planets :— 
year should be added to Mars ; 10 to be deducted from Jupiter ; 
to Saturn ; 25 to be subtracted from Venus and 120 to be added 


JYOTISHA. SmpuANTA Pmu0o K "9 -— 


ET has alrcady been shown bok that none of the Siddhārtas of the Pafca- - 
siddhāntikā was compiled by Varāhamihira and these corrections prove the 
fact beyond doubt. Had the places and motions of planets giver in any one 
of. them been calculated by him, there was no need of mentioning the corrections. 
It has been pointed out before that the elements ace in Bhāsvatīkaraņa taly 
after these. corrections are. applied. i 


Varāhamihira has. mentioned the mean places from different Siddbhāntas. 
The explanation of eclipses is also given in different ways from different works.. 
‘However, the following verses from chapters 1 and 18 show that ir mentioning 
them it was Varāha's intention to show that he has rectified in his work those 
atems which the earlier authors of Tantras were unable to do. 


fuer IE wate afada denen 
aagal wereufemq qup ME. MT: x N 
feafenfafancacisrtraatmerrentaat: T 
STORIES NT iaaa BEAT MR ll 
SH esu zh uu ASTAAT 1 
SAT RA SATA SETA H UTE NT | : 
zi vara o 
Sq Tā cita xw farai uke d 
Walaa: epea HE g uem ji 
| | AMT tc 
The above verses mean :— 
(No. 5) “ That subject which is the greatest mystery, which perplexes the 


minds of the writers of astronomical works, viz. the eclipse of the 
sun, I am going to explain in this work, dismissing all jealousy.” 


4 No. 6) “ Moreover these are contained in this work, the (rules for the 
calculation of the) direction, the duration, the period of total 
obscurity, the hypotenuse, the time of the measures (i .e. beginning, 
middle and endlng of eclipses) oftthe eclipses or (eventual) non- 
_ eclipses of the moon, the conjunctions and obscurity of stars and 

- planets, the means of finding the difference in longitude.” 


(No. 7) * The prime vertical, the rising of the moon, the construction of 
astronomical instruments; the shadow of the gnomon ; other 
useful matters; the sine of the terrestrial latitude; the sine of 
colatitude ; the declination and other subjects.” 


Similarly, 


(No. 59) “ This Karana work has been accurately compiled by Varāha- i 
mihira, since Pradyumna broke down in his efforts (over the 
calculation) of Mars and Vijayanandī over that of Jupiter and 
Saturn." 


It, therefore, shows that he must have done something more than the 
-original works included in the Paficasiddhantika. The corrections to mean 
planets mentloned above is one of such items. There are no means to know 
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what the other items were. It is not, however, „possible that he might have: 

„made great changes in the original. it appears that he retained those things: 
from the five Siddhāntas which, he thought showed an agreement with experi- 
ence, and those general,methods which were theoratically sound in his opinion. 
and omitted the remaining matter. It seems also possible that he must. have 
evolved his own methods concerning the questions of *dešāntara” (difference 
In longitude) calculation of chayà (shadow) ; grahaņa (eclipses) and chedyaka 
(projections). n NE. eee: 


. He at first compiled the Karana work. But later on his Samhita : works. 
show that his attention was drawn. very much.to astrology and various natural. 
phenomena, properties of matter and their utility in everyday life. Brahama-- 
gupta has crticised earlier astronomers, but has nowhere criticised Varahami-- 
hira.* Bhāskarācārya has praised him and has taken Varāhamihira”s quota- 
tions in support of his statements in a number of his works. There have been. 
several authors who wrote on ‘astronomy’ as a branch of natural science, 
but it can be said that there -has been no other astronomer after 
Varāhamihira who has himself treated several branches of natural science- 
itself. Jt is a matter of pride to us that such a scholar lived in our country: 
in such an ancient time. But while his works on astrology have been found. 
very useful to this day, his works on Samhita have neither been much studied. 
nor been used to that extent. Had the studies of properties of matter continued. 
on the same line without any break, the Europeans could not have surpassed. 
us in this field. But it is misfortune of our country that the tradition was. 
not continued. | : 


SRISENA AND VISNUCANDRA 


These astronomers lived sometime after Varāha and before Brahmagupta,.. 
that is, between Saka 427 and 550. Their works are not now available. The- 
view, that the Romaka and Vasistha Siddhàntas were either compiled by them. 
or with the help of their works, have already been considered before. 


BRAHMAGUPTA 
Date 


Brahamagüpta writes in his work, Brahmasphutasiddhanta 


sirarrasrf frere ziemaa qd aeui 41 
gatrtgadddad: Taw: uo We n 
ATEN: eqefeaia: qanita NA i 
fasrado par ferenda 05 N 
From this it seems that Brahmagupta compiled this work in Saka 550° 
when King Vyàghramukha of Capa dynasty was ruling. His father’s name 


was Jisnu. Brahmagupta was 30 years old when he wrote Brahma Siddhànta 
in Saka 550, which shows that his birth year was Saka 520. 


*Brahmagupta has criticised Varāhamihira for not stating that Rāhu, who envelops the 
moon while it enters the earth's shadow, was the main cause of the eclipse ; but this is really: 
nota defect ; and in reality even Brahmagupta did not mean to blame him. 


‘Phice’ 


. Brahmagupta was the resident of Bhinamāla. This village is titvgted ‘on 
the northern border of Gujarat in South Marwar, 40 miles to the zokthwest of 
Abu, between the mount Abu and the river Luni. It is now a -sctalt*-village. 
Formerly. it was known as Bhilamála or Srimala. It was the birth place: of 
poet Māgha. It was the capital of north Gujarat, when Hiuen-Thisang, the 
Chinese traveller visited this country in the 7th century A.D. Brahmagupta som- 
piled his Siddhānta during the reign of Vyāghramukha of: the Caps dynasty and 
he called himself Bhillamalakacarya*. Some descendant kings of the .Civada 
or Capotkata dynasty ruled at Anhilwāda from 756 to 941 A.D. ; and even at 
present, they are rulers of petty states in north Gujarat. This Cāvadā dynasty 
must be identical with the Capa dynasty referred to by Brahmagupta. uen- 
Thsang has mentioned Bhilamà]a as the Capital of Gujarat about the time of 
Brahmagupta himself, andtire traditional account that Brahmagupta was the 
resident of Bhilamāla, is still found in Gujarati works on astronomy. This 
shows that Brahmagupta may be the resident of Bhilamāla**. 


His Works 


The Brāhmasphutasiddhānta and the Karaņa work, named Khapdakhá, 
dyaka are his well known works, and in the latter lie has adopted Šaka 587 as 
the epochal year and this shows that he compiled this work at the age of 67. 
He writes in the Brahma Siddhànta. 


ra we fag aed Tad qdieur 11 arret feaca-qratai q fafadta war li 
FEAT, qv. 
* Since the chapter named ‘dhyanagraha’ gives sure results of mathematics, 


I have not included the chapter, dhyanagraha, consisting of 72 verses in this 
(Siddhànta)." ^ i : 


lt therefore shows that he had written a chapter named ‘dhydnagraha 
consisting of 72 couplets and he had mentioned some results in it. He states 
that it has not been included in the Siddhànta work, and it is not at present 
available as an independent work. It is not, therefore, known if it contained 
any astrological deductions or some results like those of Samhitā works ; but 
the above couplet suggests that it was a very important chapter and meant to 
be taught secretly to students. 


Other Versions of Brahmasiddhānta 


A couplet is already given on page 4 which states that the science of 
astronomy is being described in a correct form in it, since, the science, as 
revealed by Brahma; has become loose on account of lapse of time. There 
is a well-known Brakma Siddhānta by Sākalya, which is supposed to have been 
described by god Brakmā to Narada; but it has already been pointed out on 
page 50 thatit was not ccmpiled before Šaka 743, and that it does not resemble 
the Brahmagupta Siddhànta in respect of the numbers of revolutions and 
other elements given by Brahmagupta or in other respects. This sbows that 

€ two are not related at all. One of the 'Purāņas* known as * Visnudhar- 
mottara Purāņa q" contains a Brahma Siddhānta. Bhototpal has taken 

*Varuna, the commentator of Khaņdakhādyaka, has given him some such title as 
Bhillamalakacarya, and it is found at the end of some of the manuscripts. 

**Indian Antiquary, XVII, page 192, July 1888. 

tThere is a copy of this in the Deccan College collection. t 


x Mr 
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in Brhatsamhità a number of couplets from Brahmagupta Siddhànta and he 
has referred to all such places in such words as ‘Brahma Siddhānta” or 
‘so says Brahmagupta'. Nowhere has Utpala referred to these couplets 
as ‘from: Brahma Siddhànta of Šākalya” or ‘from Brahma Siddhāttta included 
in Visnudharmottara Purapa'. This shows that the two Siddfiāntas, it 
existing then at all, were not much known; and according to Utpala, at 
any rate the Brahmagupta Siddhànta was the one compiled by Brahmagupta. 
Even Brahmagupta calls his Siddhānta everywhere Brahmasphuta Siddhanta 


or simply Brahmasiddhanta. The author has also called this Siddhānta "Brahma 
Siddhanta’ for convenience in this work. 


Flements 


The numbers of revolutions and other elements mentioned in the Brahma 
Siddhānta are given below :— 


REL Ea 


In a Kalpa which is a period of 4320000000 years 


Measures Revolutions p Revolutions of — 
like sāvana in - A a 
days, etc. longitudes apsides nodes 
Revol. of stars , . 1582236450000 
The Sun ; : ; 4320000000 480 
Sāvana days . ; . 1577916450000 
Moon. . à : 57753300000 
Moon's apogee i S 488105858 | 
Moon's ascending node . >- 232311168 l 
Mars . 0. ek 2296828522 292 267 
Mercury : : , 17936998984 332 521- 
Jupiter . s m 364226455 855 63 


ie pf pri SSD AKTI EE S r o 


Ina Kalpa which is a period of 4320000000 years 


t 


Measures Revolutions Revolutions of 
like sāvana in pg 
days, etc. longitude apsides nodes 
Venus . , k J% 7022389492 653 893 
Saturn . a 146567298 41 || 884 
Solar months . 5 . 51840000000 
Intercalary months , . 1593300000 
Lunar months : . 53433300000 
Tithis . . .  . 1602999000000 
Suppressed tithis . . 25082550000: f 
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d gh p vip pvp 
Length of the year = 365 15 30 30 


Al the measures in this table are given for a Kalpa. No number can be 
found which can completely divide the numbers denoting the revolutions of 
all planets, and hence, according to this Brahma Siddhanta the mean planets 
cannot all come together at one place, at any moment other than at the beginn- 
ing of Kalpa. All the planets come together by mean motions àt the beginnin g 
of Kaliyuga according to the first Arya Siddhànta or the two Sürya Siddhàntas, 
but they are not so conjoined according to the Brahma Siddhànta. This 
Siddhānta does not, like the modern Sūrya-Siddhānta, assume any period 
spent over creation. According to this, the moment of commencement of 
ihe Kalpa coincides with that of the planets starting to move. 


Length of Year 


The first thing to be remembered is that the length of the year, viz. 365d 
15g 30p 22vip 30pvp, as adopted by this Siddhānta, is less than that adopted by 
any Indian Siddhànta except the Puliša and Romaka of the Paficasiddhantika. 
It has been clearly pointed out in the discussion of the ancient and modern 
groups of five Siddhāntas that the Puliša and Romaka Siddhāntas of Paūica- 
siddhāntikā were not in use in Brahmagupta's time. The first Ārya Siddhànta 
and original Sürya Siddhànta were in use in his time. Of them, Brahma- 
gupta's length of the year is shorter than that of the original Sürya Siddhānta 
by 673 vipalas and by 52% vipalas than that of the first Ar Siddhanta. This — 
difference appears to be very small, but because of this (small) variation the 
moment of the mean sun's entry into Aries in Saka 540, according to Brahma- 
gupta, occurred 54gh 14% pals earlier than that according to the first Ārya 
Siddhānta and 54gh 43% pals earlier than that according to the original Sūrya 
Siddhānta. What then is the cause of this variation ? The cause seems to be 
only one that he assumed the solar ingress into Aries to have occurred on the 
day on which the day and night were of equal length, i.e. on the equinoctial 
day, when the sun rises on the horizon exactly in the east. Tbis moment of 
the solar ingress is nothing but the entry of the sun in the sāyana (tropical) 
sign of Aries. The, moment of the sun's actual entry into the tropical sign of 
Aries on or about the day when Brahmagupta might have taken actual observa- 
tion, coincided with the moment of the same phenomenon as calculated from 
Brahma Siddhànta. The moment of the true sun's entry into Aries in Šaka 
509, as calculated from Brhamagupta Siddhànta comes to be 56gh—40p 
after mean sunrise at Ujjayini on Tuesday, the 3rd lunar day of Caitra Sukla, 
the 18th March 587 A.D. ; and the time of the entry of the sun into sāyana 
Aries (i.e. sun's longitude being 0* 0° 0’) comes to be the same moment on the 
same day during that year.*. "Brahmagupta was born in Saka 520. He 
might have begun the taking of observations from about Šaka 540. Hence, 

-the calculation, according to Brahmagupta, for the year Saka 540, shows that 
the apparent Aries ingress appears to have occured at 57gh—-22p (after sunrise) 
on Saturday, the first lunar day of the dark half of Caitra and the tropical 


*The sàyana calculations have been made with Keropant's Planetary Tables. As these 
lables are not quite accurate, the phenomenon will perhaps be found to occur a year earlier Of 
ater, Similarly, the secular equation has not been applied to the sun’s place in the abow 
calculation, it would come to about two minutes, which may cause u variation of a year or two, 

TA 
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longitude of the sun comes to be 0* 0° 30', which shows that the sāyana Aries. 
ingress took place about 30gh before the moment calculated from Brahma 
Siddhānta. But the sun's declination increases only, by 12 minutes in 30 
ghatis nearabout the equinoctial time. Hence, in Saka 540, the sun must 
h ave been to the north of the equator by 12 minutes at the moment of the 
sun's entry into Aries according to Brahma Siddhànta, and if the sun had 
cometo the first point of Aries (Mesa Samkramana) according to Brahmagupta,. 
at sunrise, the sun's centre would have appeared 12 minutes to the north of 
the east point. But it is not that the equinox always takes place at the time: 
of sunrise. Any one experienced in the taking of observations will easily: 
admit that an error of 12 minutes arc is possible because errors of some minutes. 
can occur in the determination of directions and also the fact that the instru-,- 
ments of observations used to be crude ; and these considerations lead me to be 
convinced that he must have taken the sun's entry into the tropical sign of 
Aries as the moment of Mega Samkrānti. He ovserves in the Siddhānta, 


qfa frat: faatat rese mafa aur: 1 
a Mee: ea faqaeriagi wea 1 Y i 


F. R. 
“If Siddhāntas are different, so must be the moments of the sun's entry 


into signs ; but when the sun is on the equator, it is actually seen rising exactly 
in the east." S 


The purport of the verse is that the moments of the sun's crossing as seen 
in the sky will not appear* to be occuring at different moments. This refers to: . 
the sun at the time of sunrise on the equinoctial day. It is clearly the place: 
of the tropical sun and Brahmagupta has clearly recorded the place by actual. 
observation. Brahmagupta did not know that the equinox has motion and . 
even if it were known before his time, he undoubtedly did not take it into con«: 
sideration. Hence, he does not differentiate between the sayana place of the 
sun and that found by calculation from his works (i.e. nirayaņa). He attemp-: 
ted to see that the place calculated by his work will exactly tally with that of. 
the tropical sun ; but this was a correct step only so far as his own time was- 
concerned. The reason for this is that though equinox occurred 54 ghatis: 
- before the calculated time, but yet he could not ignore the traditional belief: 
that the mean sun was at the first point of Aries at the commencement of the: 
Kaliyuga (i.e. at sunrise, on Friday, according to his view).. He, therefore, -. 
distributed the error of 54 ghatis over the period of 3730 years (the period: 
between the commencement of Kaliyuga and the date of compilation of the.. 
Brahma Siddhānta ) and he so effected the adjustment that his work should: 
give the moment of equinox to tally with the entry of the sun into the tropical: 
sign of Aries, that is, the moment. when the sun actually appeared to rise 
exactly in the east. This adjustment diminished the length of the year only 
by a few vipalas. If he had not to encounter the difficulty of distributing the 
error over the period from the Kaliyuga to his own date, and if he had just 
considered how much earlier than a particular date the equinox had begun 
to occur in his time, he would have done one of the two things—accepting, 
for the length of a year, the measure of the tropical solar year, viz. 365d 14gh 
32p, or to retain the traditional length of the year and to assume some motion 
for the equinox. He compiled the work Khandakhàdyaka 37 years after the 


*'t ic because of this kind of disagreement that he remarks “ Brahma Sidhānta is the 
oni. ic! siddhānta, while others are more compilations” and often criticises other 


sidinžates. The Samkrānti according to others, occurs later by one day than according 
to hc usrk i 
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Siddhānta and he adopted in it the length of the year given by the original 
Sürya Siddhànta. This shows that he must have inclined to adopt some 
motion for the equinox after retaining the length of the year once adopted or 
even after being convinced that he must adopt, the actual measure of the tropi- 
cal year, as the length of the year ; he was not bold enough to discard the tradi- 
tional length of the year and to alter the one already adopted by him while 
compiling the Siddhanta. Bhāskarācārya has remarked ** how is it that profi- 
cient astronomers like Brahmagupta have not mentioned the equinox* ?" . It 
shows that Brahmagupta's original works make no mention of the equinoctial 
anotion. 


Sayana 


Whether the almanac should follow the sāyana or the nirayana system 
is at present a matter of controversy. A point favourable to the followers 
of the sāyana system is noticeable in the above discussion, and it is that it 
was Brahmagupta’s original view that the sun’s entry into a tropical sign was 
the actual.‘samkramana’ and it was his desire to alter the length of the year, 
which he did accordingly. Had he carried on observations throughout his 
life and compared the results, it was not impossible for a scientist like him 
to hit upon the correct measure of the tropical year. It may be that he might 
have come to know it and still was not bold enough to discard the traditional 
one. The reason for his measure of a year which is shorter than that of others, 
has not been explained by the author because he was a follower of the sā: ana 


"system. Even the staunchest follower of the nirayana system will have to 
admit its corrections. 


Correcting the Planetary Elements and Observations 


The numbers showing the revolutions of planets etc., as given by the Brahma 
Siddhānta are somewhat different from those of the other Siddhāntas. How- ` 
ever, the comparison of mean places of planets in Saka 421 obtained from the 
Brahma Siddhānta with those of modern European works (page 63) shows 
that there is not much difference between them. It shows that Brahmagupta 
adjusted the numbers of planetary revolutions so that the calculated planetary 
positions for his time would agree with observations. The result of the com- 
parison of apsides and nodes made on page 68 above also shows his inde- 
pendent research in that direction. Hence, the length of the year, the numbers 
showing revolutions of planets, nodes and apsides, point to the fact that 
"Brahmagupta was an independent research worker who used to take observa- 

‘trons for himself ; and this is the main important factor in astronomy. His 
"works reveal at several places the spirit of independence and seélf-resp 
expected of such a personality. He says in the Chapter on true places, 


qrtequeqzfaufsg esaet «fafwr: tele 
gaa eusefafsé ctae And: 321 
4; R. 


* The true places obtained from the element like epicycles, aphelia and the 
mean sun and the mean moon, as mentioned by Brahmasphutasiddhānta 
give the correct tithi ; that obtained from other tantras is far from accurate." 


*See Golabandhadhikara—commentary on couplets 17-19. 
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He maintains here that the tithi calculated from other tantras is far from. 
accurate and that the tithi calculated on the basis of the sun and the moon 
accerding: to Brahma Siddhānta is correct. 


aieeaa a reqsfrerafesftart (1 
«i eret HATA: Tet FarTagatamā: 11 33 i 
ES 


i 
** The true places of Mars and other planets calculated from the ignorant 
Āryabhata”s work giving mean positions of planets, aphelia and epicycleš.. 
prove to be wrong, they are found correct when calculated from the mean. 
positions and other elements given by Brahma Siddhanta.”’ 


Here he maintains that the positions of Mars and other planets are correct 
when calculated from the aphelia, epicycles and mean planets according to- 
Brahma Siddhānta but are incorrect according to Āryabhata. There are 
many such instances showing his pride. This pride has, in some cases, run 
to such excess, that one cannot help feeling that it is little short of arrogance. 
He has appended in his Siddhānta an independent chapter, named, *dūsaņā- 
dhāya' (No. 11) consisting of 63 couplets. Some of the charges levelled against. 

ryabhata in it show sheer obstinacy on his part. 


Subject matter of Brahme Siddhānta 


He has incorporated in the first ten chapters of his Siddhānta, the chapters. 
which are usually found occurring in almost all the Siddhàntas and been 
enumerated in the ‘Introduction of this book’. But he has treated many 
more subjects in the next 14 chapters and they are very important. One of 
them is the chapter of criticism. One deals with arithmetic and another with 
algebra. Yet another describes instruments. Most of the remaining chapters 
are devoted to the theory underlying the subjects dealt with in the first half.. 
The 12th chapter is devoted to arithmetic, mensuration etc. the56 couplets of 
which, include almost all the questions dealt with in Bhāskarācārya”s *Lilevati* 
The 18th chapter mainly treats of algebra, and contains 102 couplets, but: 
nowhere does it actually mention the word algebra.. The chapter is entitled: 
*Kuttaka'. It contains a number of subjects found in Bhāskarācārya's- 
‘Bijaganita’ (algebra). 1t contains a chapter headed ‘Kuttaka’ and it is given, 
mainly for being used in the calculation of mean places of planets etc. in 
astronomy. The Brahma Siddhānta has 24 chapters and contains 1008. 
Couplets. 


Commentary 


The Deccan college collection has a copy of the commentary by PRTHŪDAKĀ ` 
on the first ten chapters. Colebrooke has recorded that he had obtained 
the complete commentary. Colebrooke translated the portions dealing with. 
arithmetic and algebra from the Brahma Siddhānta into English in 1817. 


Interpolation and Yogas 


Brahmagupta has mentioned the number of verses at the end of ‘every 
ctapter. He seems to have taken this precaution, because he knew from 


$ 


experience that changes are often made later in the original. In spite of this 
precaution there appears to be a discrepancy in respect of a few couplets in 
the work. Three couplets are actually found in the book without any com- 
mentary but they are not found at all in the commentary by Prthūdaka. One 
of the three couplets in the chapter on true places is particularly noteworthy 
since it deals with Viskambha and other yogas. It describes the method of 
calculating yogas, but it is not found in the annotated edition.- One is, there- 
fore, inclined to believe that Viskambha and other 26 yogas which form a 
part of the present almanac, did not exist in Brahmagupta's time, that is to say 
Vyātipāta, Vaidhrti and other yogas did not exist in his time. They are 
not given even in the Paicasiddhāntikā. This point will be discussed ela- 
borately in the study of almanacs, 


Khandakhādya 


It is now proposed to review briefly his work 'Khaņdakhādya'. The 
name ‘Khandakhadya’ is strange and the object of giving such a name is not. 
known. This has two parts Pūrva (first) and Uttara (second). The first 
part consists of 9 chapters which contain 194 couplets. The second par 
consists of 5 chapters comprising of 71 couplets. Brahmagupta observes. 
in part one, at the very outset ; 


auia A SAFA A AAKA N 
qaia agn: fafi AAAA: 11 
segam fA ARAA: 11 2 11 


“(1) I compile the work, Khandakhadya, which gives results equivalent to 
those given by the great scholar, Āryabhata (2) Since it is impossible to. 
carry on every day affairs with Āryabhata's work, this work is being campiled 
so as to give easily equally accurate results relating to matters like birth, marriage 
and the like.” 


Kā 


In these verses he states that he is compiling a Karana work, the calculations 
from which give equally correct results, or in other words which would give places 
of planets similar to those obtainable from the Aryabhata’s work which is 
impossible to use in day-to-day life. The Khaņdakhādya has adopted the 
length of the year (365%—15*—31*—30") given by the original Sürya Siddhànta 
and not that of the Ārya-Siddhānta ; and hence, he had.to assume the beginning 
of the yuga at midnight and not at sunrise as assumed by him in his owti Siddh- 
ānta, or as in the Arya Siddhanta. The epoch in Khaņdakhādya is Saka 587, 
and the apparent first lunar day of the light half of Vaišākha (according to the 
*amanta' system) falls on Sunday in that year. The epochal positions in it 
are true for the midnight of Saturday, the new moon day of amānta Caitra 
t.e. for the midnight preceding Sunday ; and the ahargana is to be calculated 
from that moment. The mean Aries Ingress according to the original Sūrya 
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Siddhānta falls at 12£—9?* on the same Saturday. The epochal positions . 
given are as follows :— 


8 J a 


Sun 0 0 32 22 Mercury 9 0 4 49 
Moon 0 9 9 43 Jupiter 6 4 25 16 
Moon's apogee 10 8 28 9 Venus 10 0 19 14 
Rāhu 0 18 47 23 Saturn 9 6 41 16 
Mars 3 10 13 6 


If the places of planets, true for the midnight of Saturday, the Caitra 
Amāvasyā of Saka 587, be calculated on the basis of the numbers of revolutions 
and other elements given before on page 23—from the original Sürya Siddhānta, 
all of them except the moon's apogee and node, are found exactly to agree 
with the above positions. They do not agree with those calculated from the 
Ārya Siddhanta. It appears from this that the Khaņdakhādya-Karaņa agrees 
with the original Sūrya Siddhānta with respect to all items like the length of 
the year, the initial moment for computing ahargana and almost all the 
epochal positions. The revolutions of the moon's nodes are not met with in the 
original Sūrya Siddhānta. The place of moon's apogee does not agree with 
that of the original Sürya Siddhānta, but it does not also agree with those of 
the Ārya Siddhānta or the Brahma Siddhānta. The moon's node too does 
not agree with either of the last two works. ` As the length of the year and the 
initial moment of the year adopted for Khandakhadya were different from 
those adopted in the Brahma Siddhanta, it is clear that it was no use adopting 
for Khāņdakhādya the moon's apogee and node adopted in the Brahma 
Siddhānta. It is true that the Khaņdakhādya does not agree with the Ārya- 
bhata Siddhanta completely ; still, as some of the elements in the Āryabhatiya 
were egual to those in the original Sürya Siddhanta, the mean positions of 
planets calculated from Khandakhadya for Saka 587, almost resembled those 
rom the Ārya Siddhānta. 


Brahmagupta, observes in the very beginning in the latter portions of the 
Khaņdakhādya, that he would describe the method of finding apparent places 
of planets because those calculated from Āryabhata's work did not agree with 
observation. On this, Varuna, the commentator, remarks, ** Brahmagupta 
has declared that he was going to compile a work as good as that of 
Aryabhata, and he did the same in the first half of the work. In the second 
half he has mentioned an equation from his own Siddhānta to ensure results 
agreeing with observation. Now only those things which have not been 
mentioned therein, should be accepted from Aryabhata’s Karana work ”. 
This remark and other chapters in the second half show that he has made only 
such changes while compiling the Khandakhadya as would give accurate 
results comparable by observation. He has borrowed the following impor- 
tant items from Āryabhata's work ; the length of the year, mean motions of 
planets, their epochal positions and the moment of the beginning of yuga. 
The above remark of Varuna and other things show that Aryabhata’s work, 
referred here, is not his Siddhānta now available, but this Karaņa work. 


*It has been mentioned in the account of Varāhamihira that an epoch wherein ths 
' Moment of mean Aries Ingress nearly coincided with the moment of the new moon wa 


selected, as a convenient moment by the Paücasiddhántikà also. The two resemble each 
Other in other respects also, ; ‘ i 
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It is really strange that instead of compiling a Karaņa work equal in merit 
to his own Siddhānta, he porposed to compile a work and for the most 
part did compile one equal in merit to that of a staunch rival like Āryabhata 
on whom he had showered a shower of criticism, There are two reasons for 
this, one of them must be the fect that Áryabhata's work might have been so 
popular that he was unable to ignore it and the second reason was that in Saka 
587 when he compiled the Khandakhadya, the moment of Aries Ingress accord- 
ing to his own Siddhànta occurred 55gh-—36$pals before that of the original 
Sūrya Siddhanta and 54gh—55i pals beforethat of Aryabhatiya, And 
‘because of this much difference, the two works would show different inter- 
calary months. The difference in intetcalary month and the Occurrence of 
the samkrānti a day earlier, arethings easily noticeable even by an ignorant 
person; and these created an unfavourable public opinion with regard to 
the introduction of the mesure of his own Siddhanta. These two reasons, 
it appears, could not make him bold enough to compile a ‘karaga’ which 
would be equal in merit to his own Siddhanta, when Brahmagupta could 
not introdus his own year—measure, because his samkrànti differed by about 
Jess than a day, it is worth considering how dificult is would be to bring into 
«use either Keropant's almanac, whose samkrānt i occurs about 4 days ealier 
thanthat of the old works or the Sayna almanac, whose samkrānti takes 
"place about 22 days earlier 


. Commenmentaries on Khaņgathādya 


- Varuna and Bhatotpala have written commenmentaries on Khaņdaxhādya. 
Prthūdaka too is likely to have written one, but itis nowhere available, One 
more incomplete commentary has been found which doeS not mention the 
name of the commentator; but he appears to be one from Kaslunir as can 
be seen from the Saka year 1564 adopted for solving examples, and from the 
fact that the corrections adopted for longitudes of placcs and the ascensional 
‘differencess refer to Kashmir. The Deccan college collection has got a copy of 
the work entitled Paficanga Kautuka (No. 537 of 1875-76 A.D.) which gives 
tables and methods of calculating figures for alinanacs very easily. It has 
adopted Saka 1580 as the epoch and the whole calculation has been made with 
the help of Khandakhadya. It does not mention that it is compiled in Kashmir; 
but it was found in Kashmir and it was made use of the popular local era 
“prevalent in Kashmir. It clearly Shows that the author belonged to Kashmir. 
It also Shows without doubt that the Karaņa, Khaņdakhādya, was in use in 
Kasmir till Saka 1580; and from the three above mentioned commentaries 
on Khandakhadya and from the fact that the copies of the Paficahga Kautuka” 
"in the poona college collections were found in Kashmir, it is felt that it must 
be still in use in that province. Bhāskarācārya has refered to Khaņdakhādya. 
Albiruni, (Saka 950) had obtained the Khandakhadya and quoted from-it. 


Spread of Brahma Siddhānta 


The fact that Brahmagupta complied Khaņdakhādya as a work different 
from his own Siddhànta shows that he was not Sure that he would get any 
follower forthe Siddhānta; and it is natural, as can be seen from followin 
well known remark of Kālidāsa. : 


muasa vf arg Wet... faTi di 


m ae performance Should be regarded as excellent, until it satiSfies the 
earned”, 
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He compiled the Khandakhadya at the age of 67. His Siddhānta might 
not have come into actual use till then and he must have compiled Khanga- 
khādya after being disappointed to see that he had no followers even when 
so many years of his age had elapsed. Very few of the great researchers are 
fortunate enough to see their researches bear fruit in their own lifetime. It is 
not very creditable to him that instead of leaving the future to decide for 
itself, he disregarded his own thesis ; but is it possible that the best work of” 
such a master mind would fail to satisfy scholars ? The astronomer Bhās- 
karācārya who was as great as he (Brahmagupta) has infact recognized his 
work. Also two more Karana works compiled before Bhāskarācārya are: 
found to have followed the Brahma Siddhanta. All of them have mentioned 
one additionnl correction tothe plantary places calculated from Brohma 
Siddhānta. This correction is first noticed in the **Rāja Mrganka Karaņa” 
compiled in Saka 964. But the author came across an example in which the 
Brahma Siddhànta was found to have been used in its original form without 
any correction. 


Original Form 


The Uttarepurana, a Jain work by Gunabhadra found in the Poona college: 
collection (No. 289 of. 1883-84), states the cate of its ccmpilation in the: 
followiag lines :— 


THTISTAT TTT TA exo fuarum 11 
aragia Prana aTa D 3% |! 
aaa qifa faga? afan quist 
gatai fagar aaf actos afama quit u 
T UF mee mfra ACK 
“(This work.was completed) on Thursday the Sth Junar cay, in the aus- 


picious year of Pingala s:mvatsara, numbering 820 of the Seka ere when the: 
planets were occupying the signs mentioned herein.” 


The planetary positions dercribed in the verses were as follows : 


Sun —Occupying ‘Kulira’ (Cancei) Jupiter in Gau (Taurus), 
Moon — ,, Pūrvā (Bhādrapadā) Venus » Kulira (Cancer) 
Mars tes Dhanuh (Sagittarius) Saturn (Arki) ,, Scorpio 

Mercury — ,„, Ārdrā naksatra Rāhu (Agu) ,, Libra 


Saka year 819 (elapsed) was known ar Pingala. The elapsed year 819 is: 
the same as the current year 820. This at first gives rise to the doubt whether: 
819 should be taken for calculation or 820. Similarly, the verse does not 
mention any month ora half-month, but simply. the tithi. The day is no- 
doubt given as**mantri” vāra. Yt is conjectured that it may either bea 
Thursday or even a Friday. But the verse mentions the positions of alt planets, 
and the best way to determine the vāra is to find out that day for which these: 
planetary positions would be found to be simultaneonsly true. After attempt- 
ing the calculations for a number of days in the two years, Sake 819 and 820,. 
the author has found Amānta Āsādha Krsna 5, Saka 818 elapsed i.e. Thursday: 
the 23rd June, 897 A.D. as the day on which the given positions of planets. 


appear to be true for the period between the sunrise and about 24 ghatis after 
1t. 


Jxovruma BIDDŅANTA PERIOP | 


The verse gives Leo as the rising sign, whose duration on that day was the 
period between 4—9 ghatis zfter sunrise. This planetary condition is im- 
possible for any day other than this in these two years. The moon's position 
inentioned in the verse, is not found to be true for any other day being earlier 
or later by one day. The object of mentioning this here is that these planetary 

positions agree only if the length of the year given by Brahmagupta in his 
Brahma Siddhànta be accepted and by that of no other Siddhānta. The sun, 
according to the Sürya Siddhānta, appears to belong to Gemini on Thursday, 

the 5th lunar day of Āsādha (Krsna), and goes in to Cancer at about 5 ghatis 

after sunrise, on Friday. By no other Siddhantas does it appear to be occu-. 
pying Cancer on Thursday. The samkrānti, according to Brahma Siddhanta,. 
appears to occur 61 gh 3l pal earlier than the samkrānti of the modern Sürya 

Siddhànta in that Saka year. Similarly, even Mars appears to be occupying 

the sign of Capricorn on Thursday according to the modern Sürya Siddhānta 

and that of Sagittarius according to the Brahma Siddhānta. In short, the 

planetary positiors are seer to agree quite well according to Brahma Siddhanta 

and even the consideration of the matter from several points of view leaves 

no doubt* about it. It proves beyond doubt that the Brahma Siddhānta 

was in use in Its original form in Saka 819. This old work was compiled in 

the Deccan when the King Akaàlavarga of Rāstrakūta dynasty was ruling - 
the Deccan. From this it appears that the Brahma Siddhānta was in use in. 
its original form in the Deccan in Saka 819. The corrections in it have been. 
introduced by some one else later on. 


Corrections S 


Varuņa's commentary on the Brahma Siddhānta appeared about Šaka 962. 
It does not refer to any corrections. The work Rājamrgānkakaraņa was. 
compiled in Saka 964 and it mentions thecorrection. It appearsto have been 
first introduced then. The corrections include that for even the sun. This 
correction has changed his length of the year from the original Brahma 
Siddhānta viz. from 365°—1 56 — 30»*1— 22 vi» —30»v» to 3653 —] 5£* 34 »*1 —17"ks. 
that is, itis greater than that of the first Áryabhata by about 2 vipalas. The worry 
ot the Brahmapaksa compiled after this date are found to be in conformed 
with the corrected Brahma Siddhānta. The Rajamrganka compiled in Saka 
964 is the first of such Karana works. The second one is the Karana work 
named *Karana Kamalamārtaņda” compiled in Saka 980. The next one, com-. 
piled after this in Šaka 1105 is the Karanakutühala of Bhāskarācārya. The 
Mahādevī Sāraņī, a work on planetary calculations, compiled in Šaka 
1238 and the two works Khetakasiddhi and Candrarki of the astronomer Dina-- 
kara and compiled in Saka 1500, conform to the corrected Brahma Siddhànta. 
Of them, the Karaņakutūhala is still in use in some places. The author of 
Grahalāghava has borrowed some positions of planets as in accordance with 
the Brahmapaksa, and these have been taken from the Karanakutühala. The 
Brahma Siddhànta might have remained in use in its original form up to Saka 
1000 at the most. It may have gone out of everyday use after Bhāsksrācārya. 
Not only that, but because Bhāskarācārya's Siddhanta Siromani could serve 
the purpose as efficiently as the Brahma Siddhànta, it appears that Brahma. 
Siddhānta itself might have gone out of use gradually. The quotations from: 
he Brahma Siddhànta are rarely found in works compiled after Bhaskarā-- 


*The original verse as given in this baok is very incorrect. This verse and the one: 
corrected by me along with its explanation, may be seen on page 429—30 of Prof. Bhandar- 
kar's Report on the search for Sanslatit manusctipts for.the year 1883—84. 


HISTORY ‘or INDIAN ASTRONOMY 


-cirya. The work Brahma Siddhānta is at present not found anywhere in 
„Mahārāstra, and the same may be true of other provinces as well. 


Condition of Astromomy 


There is no harm in saying, on the whole, that all the branches of the system 
"which go to make the science of astronomy in our country, appear to have been 
-completely established in the time of Brahmagupta. The necessary variations 

in the positions of planets were made from time to time later on. Itcan safely 
be said that no special reform or.research was afterwards made in the system 
. except that of the equinoctial motion. It has already been pointed out above 
that Brahmagupta was an independent thinker as far as the revolutions of 
planets, the aphelia and nodes were concerned. The elements concerning the 
calculations of the true places of planets appear to be his own. Even in 
*tripra$nadhikara' (Adhikāra on three problems) he appears to show a greater 
skill than earlier writers. He has described the instruments of observation 
and it is my opinion that the *'turīyayantra” (the Quadrant instrument) was his 
invention. The subject of Algebra is not found in any of the earlier works, 
which shows that he may probably be its originator. Sūryadāsa, the son of 
Jiüiyanaraja, the author of the work, Siddhanta-Sundara, wrote commentary 
in Saka 1460 on Bhāskarācāryas Algebra. Heregards Āryabhata as the oldest 
writer on Algebra. The work of Aryabhata I may be said to contain no 
- discussion on Algebra ; but that of Āryabhata II does contain it. But it will 
be shown later that this work is more modern. than that of Brahmagupta. 
Hence the information available at present leads one to conclude that 
Brahmagupta was the first writer on Algebra. He has not recorded in his 
work any boastful remarks in the chapter on Bijaganita that it was he who 
discovered the subject anew.From this it can be conjectured that the subject 
might have been known even before his time. But books are not available. 
Brahmagupta, was on the whole, a very ingenious research worker. Even 
-a scholarlike Bhāskarācārya has praised him thus ‘‘May the work of jisnuja 
+(i.e. the son of Jigņu, Brahmagupta) who is the supreme mathematician, 
succeed". Similarly, at another place, he remarks, **when after a long lapse 
sof time, a great deal of discrepancy will be caused, men of genius possessing 
the ability of Brahmagupta, will come to birth, and studying the planetary 
motions evolved by Brahmagupta, will compile work on these scieencs”. 
It is quite proper that he has been dcclaimed as "a great discoverer of 
(correct) positions and motions of planets and a very intelligent author of 
scientific works." 


LALLA (ABOUT ŠAKA 560) 


Works 


A work, ‘dhivrddhidatantra’, on planetary calculation stands to his credit- 
Sudhākara Dvivedī, procured it, and got it printed in Varanasi, in 1886 A.D. 
He has written a Muhürtawork, named 'Ratnako$a'. 


Date 


Lalla has not mentioned his date or place of his residence. 1n the chapter 
«On mean places, in Dhivrddhidatantra, he remarks, 


fama ARAA es 1 Taher cafe erf adtafārsā: M 
PHT TAY Lu a: I PA AZAT: USE CENT 


. JYQTISHA- SIDDHANTA -PHRIOD 


„"Although his disciples; after completely studying the scientific worka. .by 
ryabhata, haye compiled the ;“‘ransea¥iiworks, they; have not described: the- 
methods of calculation 4m proper. manners, ‘Hence |: am properly describing: i 
brief the methoda!’,,,.. |. tein A 
paie bis mentioned, in the Uttéradhksta, Corrections to be applied to planets 
obtained from thé Aryasiddhanta. They ates, 
wt Teor vxo Vee Azet Ax emma: eft LY vue: qud: C n 
aerate: vo, gm faang Tet eae tva qwe te s c 
NM! 0. a NAL at 
eatur ve gd fafetater quiere: AAAA Ro TT 
sarma vxo fred fara ed TEATE 11 $8 N 
aig... NETĀ THTATAT d qe d aTdtadaqarfaqwera:...... T 
maana maggaa ae faa: grami i qt u 
wed TA TOTTI TATA SITE aret: uu 
aga mapati nefa maagiaga TH mW 33 ul 
**(18 & 19) Subtract 420 from the Saka year. Th iecorrections -for the 


EJ 


planets are as follows :—Moon,—25' ; Moon's apogee,—114' ; Moon's node,— 
96' ; Jupiter, —47' ; Venus, —153' ; Mars,+48'; Saturn, +20' and Mercury, 


--420* (20) This, the calculation of planets. . .as suppported by observation. (21) 
There lived one,. .Simba by name, who was revered. by all léatned men, and : 
from him was born one, known as Trivikrama Bbatta in the wotld and who was 
the “moon for lilies in the eyes of thé people". (22) His: ŝon Lalla’ who- wor- 
shipped the feet of Siva, the tnoon-crested_ Lord andthe ‘beloved of* Parvail 
complied a.'tantra' equal in merit to the Aryabhata-Siddhànta." 


"oc (fus 


.;zKhe numbers of revolutions and other elements given in Lalla’s works all 
agree with those of Áryabhata I; and Lalla has given only the corrections 
mentioned in the above verses, 18 and 19. From this it is clear that he lived. 
after Āryabhata I. Some evidence is available to determine his. date. 


The above verse, relating to corrections, has been given in his commentary 
by Paramádióvara, the commentator of Āryabhata. There he. describes. him 
in: the words “‘tacchisyo Lallācāryah”, calling Lalla as Áryabhata's disciple; 
From this and mainly from the method of applying corrections in which 420 . has 
been asked to be subtracted from Saka, Dr. Kern thinks that the dāte'of Lalla: 
may be Saka 420 itself. Even the late Janārdana Balaji Modāka expreses the 
same view (See Srstijfiana monthly, August, 1885, p.120). There may be 
many others holding the same view, but they are incorrect: The first reason is 
that if Lalla had been Áryabhata's disciple and his contemporary, he'would not 
have committed errors in trifling matters which have been pointed out by Bhàs- . 
. karācārya about Lalla. These errors do not exist in the works of Aryabhafa K. 
The second reason is that if the date of Lalla had-been Saka 420, Brahmagupta 
would have played seriously in condemhing Lalla's works which contain ; many- 
faults, inasmuch as he (Brahmaģupta) has fired volleys of criticism against the 
works of Áryabhata I even wlien they do not contain many faults. But the 
Brahma Siddhanta contains neither Lalla's name nor any of his view. , The 
third reason is that ån occasion for applying.a correction to a siddhānta does 
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uot arise at the very time of its compilation. Some one suggests a correction 
to a work only when a perceptible difference in the planets’ places, as obtained 
from the work, comes to notice. Áryabhata compiled his work in Saka 423, and 
it is quite impossible that his disciple began to make changes in it from that 
very date, Had it been the case, Aryabhata himself would have given revolu- 
tions (of planets) after taking into consideration this correction. The method 
of finding Lalla's correcticns requires One only to subtract 420 from the Saka 
year ;but it does not mean from this that the corrections were made in that year. 
The corrections suggested to the Brahma Siddhānta have to be applied from the 
beginning of Kaliyuga. Similarly, corrections to modern Sürya Siddhanta are 
to be applied from the beginning of Kaliyuga. It will, therefere, be ridiculous 
to say, that becuase of this fact, the corrections came into existence in the begin- 
ning of Kaliyuga. The statement that Lalla's corrections were suggested in 
Saka 420, is equally ridiculous. One more evidence may be added to this. It 
is as follows :— 


Lalla observes, in the Chapter on “misconceptions” 
fü a safe SERT dal CTS HATA: WaT: Hp Y3 11 


“If it be accepted that the earth rotates, then how can the birds flying in 
the sky, find their own nests ?" ' 


In this, Lalla has criticised those who maintain that the earth rotates. But 
it is only Arvabhata I who states that the earth rotates. It is, therefore, not 
probable that his own disciple would hold the opposite view or at any rate 
criticise him. On the whole, Lalla cannot be the disciple of Aryabhata. 
Bhāskarācārya”s works mention Lalla’s name at several places ; but nowhere 
has he mentioned him as Aryabhata’s disciple or even merely as a disciple. 
Ranganatha, the commentator of Sürya Siddhānta, has at one place mentioned 
““sisyadhivrddhi-datantra” which simply means’ a ‘tantra’ work which increases 
the intellectual power of disciples". It is not understood on what basis Para- 
madiévara has called Lalla as Aryabhata’s disciple. The above verses compiled 
by Lalla himself show thai he has nowhere called himself as. Aryabhata's disciple. 
On the contrary from the words in those verses it appears that he was not 
Aryabha ta's disciple. 


From this, Šaka 420 does not seem to be his date. He must have lived 
many years after Aryabhata. 


Lalla has given 359? as the longitude of the junction-star of Revati. The 
time for the junction-star of Revati to cover one degree to the West of the initial 
point, accoeding to Lalla tantra (that is, from the point occupied by the sun at 
the moment of the actual Aries Ingress) comes to about Saka 600. Butit bas 
been shown above that Brahmagupta knew nothing about Lalla’s work ; Lalla's 
works describe all instruments except the ‘turi¥a’ (quadrant) instrument des- 
cribed by Brahmasupta. It shows that Brahmagupta's work was not known 
to Lalla. This leads one to surmise that both were contemporaries, but 
residing at distant places. 


Šrīpati has compiled his work *Ramamálà' with the help of Lalla's, 
*Ratnako$a'. Sripati’s date is Saka 961. Lalla must have lived long before 
this date. 


_ His work does not discuss the question of the precession of equinoxes. 
This shows that he must have lived about the time of Brahmagupta. 


Frorīēka SIDDHARTA Pkkiop 4$ 


From all these considerations, the author thinks that Lalla's date might be 
a time near about Saka 560. 


His Ability 


It is true that Bhāskarācārya has criticised Lalla, the author of “Dhivrd- 
«ihida”, but he states in the 20th verse above, that he has determined these 
corrections already mentioned, after ensuring agreement with the observed 
positions himself. This shows that he used to take observations himself and 
‘was a researcher : and this fact was very creditable to him. The corrections 
given to Mercury and other planets show that the need to find them out must 
have arisen after a period of time had elapsed after Āryabhata. It has already 
been mentioned that the Karaņa works 'Karaņaprakāša” (Saka 1014) and 
“Bhatatulya’ (Saka 1339) were compiled after applying Lalla’s corrections to the 
planets calculated according to the Siddhànta of Aryabhata I. . 


PADMANABHA 


Bhāskarācārya refers in his algebra to this name as a writer on algebra 
Colebrooke* has observed that he appears to have lived before Sridhara, às can 
be seen from Sridhara's work described below. Hence Padmanābha's date, as 
compared with that of Sridhara, does not appear to be later than Saka 700. 


Sridhara 


Mahāvīra's work described below shows that a writer named Sridhara lived 
before him and that he wrote a work on ‘vyaktaganita’ (arithmetic), similar to 
that of Bhaskaracarya’s Līlāvatī. (Colebrooke had obtained the book, * Gaņiti- 
asára', by Sridhara. It contained the subjects of arithmetic and mensurationo 
It shows, that this person Sridhara and the one referred to by Mahavira in his 
work, must be the same person, and Sridhara's date, as determined from that of 
Mahavira does not appear to be later than Saka 775. Sridhara, mentioned by 
Bhāskarācārya as the author of algebra, seems to be this very person. 


MAHAVIRA 


He has written 'Sarasamgraha' a work on tvyāktagaņita” which deals with 
arithmetic and mensuration. An incomplete copy of the work came to notice 
in the collection of books belonging to late Dr. Bhau Daji. The description 
given in its beginning shows that Mahavira was a Jain by religion and that he 
had the patronage of the Jain King Amoghavarsa. This shows that he lived in 
the reign of Amoghavarsa I, the Jain king of the Rāstrakūta dynasty, that is, 
about Saka 775. 


His work 'Sārasamgraha” resembles Līlāvatī of Bhāskarācārya but is more 
extensive and consists of at least 2000 “granths” (or verses in Anustup metre). 


The Sarasamgraha contains some lines from Mišrakavyavahāra” (miscella- 
neous subjects) from the work of Srīdharācārya, mentioned above. 


ĀRYABHATA II (ABOUT ŠAKA 875) 


His Work 


There is another Ārya Siddhānta in addition to'the siddhānta of Āryabhata 
described before. There is a copy of the work, kept in the Deccan College 


———— ——————————— mm es — — - 


*Colebrooke's Miscellaneous Essays pp. 442, 450, 470. 


HISTORY OF INDIAN AsTRONOME 


Collection, but it is entitled as Laghu-Árya Siddhānta. But the author himself 


calls it neither ‘brhat’ (extensive) nor ‘laghu’ (short). In the very first verse: 
he observes. 


fafgasamTagīmti grad age EAT ii 
arduča fae freitt fr amat u$ o 


“This beautiful Siddhanta has been compiled in the ‘Arya’ metre by Arya 
bhata who has studied various sciences on planetary motions, elementary 
mathematics, problems in arithmetic, and algebra". 


In this, he calls his work a Siddhānta. This author is more modern than 
the earlier Āryabhata and I have called him as Āryabhata II and his work, 
$econd Ārya Siddhànta, because it is convenient to do so. 


His Date 


He has not mentioned his date. He has given in his Siddhànta the mean 
places mentioned by another Siddhānta known as Parāšara Siddhānta. He des- 
cribes both these siddhāntas, 


qafiri mW TT I So aTa R, 


meaning "compiled when a small part of Kaliyuga had elapsed". In this verse 
he intends to show to the world that the two Siddhāntas were compiled very 
soon after the Kaliyuga had started. But I am quite sure that he lived after 
Brahmagupta, because, even though he maintains that his Siddhanta was com- 
piled very soon after the beginning of Kaliyuga, he includes himself among the 
authors of "pauruga" (human) works. There is no other proof to show that 
the length of year or other measures adopted by him were in use before Brahma- 
gupta, and all criticisms levelled by the latter against Āryabhata apply to the 
First Arya Siddhānta and not at all to this. No subject dealt with in this Sid- 
dhānta has been referred to by Brahmagupta. Had this Siddhànta existed in 
his time, Brahmagupta would rot have failed to criticise it in some respect or 
the other. ‘he Paücasiddhàntika does not appear to have mentioned the equi- 
noctial motion. It is not found in the works of Āryabhata I, Brahmagupta or | 
Lalla. But it is given in this Arya Siddhanta and the authors appear to have 
attempted to remove the blemishes for which Brahmagupta has criticised Ārya- 
bhata [. His work describes the Yuga-system, and the Kalpa begins on Sunday 
and Brahmagupta has criticised Aryabhata I that his work recommends the 
planetary calculation, from the beginning of the Yuga when only the 'mean 
planets‘ are said to come together and not the ‘true planets’ (see 46th couplet, 
Chap. 2). But according to this Aryabhata's work, the true positions of all 
planets are given to be'together at the beginning of Creation. All these facts 
have convinced the author that he lived after Braiimagupta i.e. after Saka 587. 
This is the farthest limit of his date. As regards the nearest limit, Bhāskarācārya 
has quoted him (in his work). In the 65th verse of the chapter on true places, in 
Siddhànta Siromair, he observes “Aryabhata and others have mentioned the 
rising of the *drkkàna' i.e. the third part of a sign or 10°, to ensure accuracy”. 
Aryabhata I has mentioned the duration of ascendants in terms of arcs of 30° 
and not of 10? ; but Aryabhata II has mentioned the durations for the ascension 
of ‘drkkanas’ that is arcs of 10? ; in couplets 38 to 40 in the 4th chapter, and such 
a mention of the duration of *drkkana' is not at present found in any work 
except in that of Āryabhata II. This shows that Aryabhata referred to by 
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Bhāskarācārya in the above line is not the first Āryabhata, but the second. 
from this it is clear that Aryabhata 11 must have lived before Saka 1072. He 
has described the method of calculating ayanāmša ; but the equinoctial motion 
as calculated’ from it is not found always to be constant, but to increase or 
decrease much (more discussion about this will be made in the study of the 
motion of eguinoxes). But there is no harm in saying that the equinoctial 
motion is always constant ; the variation in it is exceedingly small. The 
modern Sūrya Siddhanta gives a constant motion for it ; but the cate of its 
compilation is not definitely knowr. The work, Rājamīgātīka (Saka 964) 
has adopted a constant motion for the equinox for all times. No definite proof 
of the measures adopted (by) earlier (writers) is at present available. From 
this, Aryabhata II appears to have lived before the equinoctial motion was 
correctly known. The Bhatotpala’s commentary (Saka 888) quotes from 
several works, but not from the second Arya Siddhanta. It shows that even if 
Aryabhata II lived before Bhatotpala, he must have preceded him only by a 
few years. 


The time when the ayanāmšas, obtained from the Second Arya. Siddhanta, 
would be equal to the sun’s tropical longitude at the true vernal equinox, comes 


to be about Saka 900. If he had lived before this year, the date must have been 
only a few years earlier. 


From all these considerations, he seems to have lived about the Saka 875. 
It has already been shown before (page 33) thatthe date of his Siddhānta 
and that of Parāšara, as found by Bentley, are incorrect. 


Description of his Work 


His work consists of 18 chapters, which contain 625 couplets. The first 13 
chapters deal with all the subjects usually discussed in different chapters in 
karana works. Le 14th chapter deals with the celestial sphere znd prcblems 
concerning it. The 14th chapter consisting of 120 couplets is devoted to 
Patiganita (i.e. arithmetic and mensuration) ; and it contains alncst all the 
questions dealt with in Bhāskarācārya's Lilavati. The ł6th chapter is 
devoted to bhuvanakoša (Universe) i.e. the description of the three worlds. 
The 17th Chapter gives a theory of the mean motions of Planets, and the 
18th chapter deals with algebra, and particulary the ‘kuttaka’ problemsin it. It 
gives some special information not given by Bréhmagupta. : 


Numerical Code 


_ He has adopted the usual conventional code to denote numbers in ‘Patiga- 
nita’ (i.e. arithmetic and mensuration) only ; otherwise he has used, everywhere 
else, the letters of the alphabet to denote numbers. These letter values are 
different from those used by Áryabhata I. They are :— 


Numbers Numbers 

Consonants denoted Consonants denoted 
Ka, ta, pa, ya ] ca,ta,sa . ; . 6 
“kha, tha, pha, ra, 2 cha, tha, sa 7 
ga, da, ba, la,. . 3 ja, da, ha, . , 8 
gha, dha, bha, ba, . 4 jha, dha, , . : 9 
na, na, ma, $a 5 fia, na, : : 0 


1 DGO'/69 8 
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While denoting numbers by letters, Áryabhata I has not abandoned the 
general rule that’, “digits are written from right to left" but this Aryabhata has 
differed from it, and has adopted the system of writing the digits from left to 
right. Example : According to this system the word ‘ghadapha’ denotes 432. 


It has been pointed out in the account of Āryabhata I how confusion is 
caused by adopting his system of code letters. The same remark applies to this 
Āryabhata also. i 


Below are given the numbers of revolutions and other elements etc. in one - 
Kalpa as given by his Siddhhànta as well as by that of Parāšara. j 


Years spent over creation 


Revol. of stars 1582237542000 

Revol. of Sun 4320000000 4320000000 . 
Sāvana days . 1577917542000 — 1577917570000 : 
Moon's revolutions 57153334000 57753334515 : 
Moon's apogee : revolutions . 488108674 488104634 : 
Moon's node : revolutions 232313354 232313235 : 
Mars . 2296831000 2296833037 - 
Mercury 17937054671 17937055474 
Jupiter 364221682 364219955 : 
Venus. — 7022371432 702237248. 
Saturn 146569000 146571813 : 
Solar months 51840000000 51840000000 
Intercalary months 1593334000 1593334515 
Lunar months 53433334000 53433334515 
Tithis m 1603000020000 — 1603000035450 
Suppressed days 25082478000 25082465450 


"In one Kalpa 


Second Parāšara 
Ārya Siddhānta Siddhānta 
3024000 0 


In one Kalpa - 


1582237570000. 


F 
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Planets Revolutions of apsides in Revolutions of nodes in 
a Kalpa a Kalpa 
Second Second 
Arya Parāšara Ārya Parāšara 


Siddhānta Siddhānta Siddhānta Siddhānta 


Sm. 461 480 

Mas . . . 299 327 298 245 
Mew us ox -339 356 524 648 
Jubtebh. x s 830.7 982 96 190 
Venus . . . 654 526 947 893 
Sume. e- 96 54 620 630 


Length of yeai, according to Arya Siddhànta.—3651—] 5zh —3]»*1—] 7v» —6»7» 
Length of year, according to ParaSara Siddhanta—365—15—31—18— 30. 


According to Ārya Siddhānta it is assumed that some years have been 
spent over creation. No such assumption has been made in ParaSara Siddhānta. 
According to both the Siddhāntas the planets appear to come together 
nót in the beginning of Kaliyuga, but at the beginning of Creation. The length 
of the year according to both is nearly equal to that of the rectified Brahma 
Siddhanta. This Aryabhata has mentioned the number of revolutions of the 


‘‘saptarsi” stars (Great pean: on the assumption that they have some motion. 
But as a matter of fact the aptarsis have, practically, no motion. 


Parāšara Siddhānta 
He remarks about Pará£ara as follows :— 
maaa fafarsrornt afa Rem 11 g 11 
aema 414 


f “The followers of Parāšara Siddhānta do not accept any ‘phala’ i.e., result 
Or the mutual aspects of planets”; 


and after passing the remark, 


~ 


Pest garā maag A MATA: d GEH TRS... nan 

! TAT R 
meaning “I describe here Parāšara's view since it is the best in Kaliyuga", he has 
inentioned its elements. From this, the Parāšara Siddhànta appears to be an 
Udependant work; but it is not available at present. 


BA 
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BALABHADRA 


The commentary on Brahma Siddhānta by Prthūdaka, cites Balabhadra's 
name several times and has given a number of verses in * anustup'' metre in his. 
name. Those verses quote, in versified form, the elements given in the Brahina- 
Siddhānta itself. Even Bhatotpala’s commentary on the Brhat Sanīitā quotes 
some verses and Arya couplets in the naine of Balabhadra. They relate to the 
section on mathematics ; they have, however, no connection with the Brahma 
Siddhanta, This shows that he may have compiled art independent work on 
planetary calculation. The lines which have been given by Prthüdaka as quoted 
from Balabhadra may have been from his commentary on the Brahma S:ddhāntās. 
The author thinks that it might have been cusfomary in ancient days to have 
at least a part of thecommentary in verse form, when the text itself was in verse 
form. That Paramādīšara has quoted in his commentary on Aryabhatiya, 
sOfüe Verses from his commentary on Lilàvati would serve as an instance in 
point. In case Balabhadra had written an independent work, it is not now 
available. His date is clearly earlier than that of Bhatotpala, that is Saka 888. 


BHATOTPALA 
His Date 


He was a great commentator. He has stated the date of the compilation of 
his cotnmentery on Brhajjātaka in these lines. 


"Wer THEA famat Teast s atarene cas faa um gda faafedar t 


meaning, ‘I wrote this commentary on Thursday, the Sth lunar day of the bright 
half of Caitra in Saka 888°’, and that of the commentary on Brhatsamhitā in 
the verse. 


Great fadtairataarst Tar i seme ose fug are gdd frsfuwar tt 


meaning "I wrote this commentary on Thursday, the 2nd lunar day of the dark 
half of Phālguna in Saka 888.” 

If Saka 888 be regarded as an ‘elapsed’ year, the second lunar day of the 
dark half of either amànta Magha or Phālguna is not found to fall on Thursday. 
The 2nd lunar day of the bright half of Phálguna was a Thursday, A Thursday 
is found to fall on the 2nd lunar day of the dark half of (Amanta) Māgha in 
Šaka 887, but not on the 2nd lunar day of either the bright or dark half of 
Phāiguna. This shows that the Saka year 888 referred to in the second verse 
must be the ‘‘current’’ year, equivalent to Saka 887 elapsed ; and the Phālguna 
may be the month belonging to the ‘pirnimanta’ system ; that is, it must be the 
amānta Māgha. 

But the 5th Iunar day of the bright half of Caitra does not fall on Thursday 
either in $aka 888 or in 887. In Saka 887, Ihe day happens to be Friday and in 
Saka 888, it was a Wednesday. It appears that there must be some error in this ; 
and so long as it is not detected, the Saka 888 mentioned in the verse cannot 
definitely be said tc be a ‘current’ year. In any case, there is no dcubt that 

‘the year must be one of the two Sakas, 888 or 887. 


Commenteries 


Utpala has written a commentary on Khandakhadya, but its Saka is not 
known. However, inthe commentary on the 5th chapter of Bihatsan hita, one 
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comes across the remark ‘‘khandakhadyakarane asmadīya vacanam", meaning 
"as I have stated in the commentary on Khandakhadya". It, therefore, shows 
that he wrote the commentary on Khaņdakhādya before this. Similarly, a 
reference made by him in his commentary, on Brhatsamhitā (Chap. 44) shows 
that his commentary on Varaha’s travel was written before that on Brhatsa- 
mhità.. He has written a commentary on Laghujataka also. He has, thus 
written commentaries on the following works compiled by Varāha—Yātrā, 
„Brhajjātaka, Laghujātaka, and Brhatsamhitā, and a commentary on Brahma. 
gupta's Khaņda-Khādya. The commentary on *yātrā” (travel) is not now 
available. Those on Brhajjataka, Laghujātaka and Brhatsamhità are available 
in this province, and of them, the first two have been printed. 


Placé 


The commentary on Khandakhàdya, written on the bark of the birch tree 
which is now in the Deccan College Collection, was originally found in Kashmi. 
The author does not think this commentary is available in other provinces 
That this commentary was well known in Kashmir can be seen from another 
commentary on Khaņdakhādya written in Saka 1564 and from the Paūcānga 
Kautuka written in Saka 1567, both written in Kashmir. It shows that Bhato- 
tpala was a resident of Kashmir ; and Varuna, the commentator of Khand- 
akhādya, clearly states that he was a resident of Kashmir 


Independent Works 


He seems to have compiled an independent work on the mathematical 
branch as can be seen from a couplet given by him at a place with the remark 
“as I have stated" in the first chapter of the commentary on the Brhatsamhitā. 
He might have taken the quotation from his commentary on Khandakhadya. 
Bhatotpala has compiled ‘praśnajňyāna a work on 'pra$na' (Questions), 
consisting of 72 àryà couplets. 


Love of Research 


It appears from the commentary on the Brhatsarnhità that Utpala was a keen 
researcher of ancient works and his reading was vast. He has written at several 
places that Varāhamihira had taken the help of ancient works on most of the 
questions on which he had written, and he (Utpala) has even cited the names of 
those works at some places. Utpala has also given quotations from the authors 
of ancient Samhità works on those subjects at all or almost all such: places. At 
some places are found quotations from as many as 8 to 10 authors of Samhita 
works. {tis clear that all these samhitās were aviailable in his time. Similarly, 
he has given the quotations and names of several ‘paurusa’ (human) writers of 
works on Samhita, Jataka or some of the subsections of the subjects. Utpala's 
commentary or the Brhatsamhitā would be of great help in assessing the state 
of the knowledge af various subjects relating to the samhitā branch, and its 
growth in our country, and because of this and other reasons, the commentarly 
is worth publishing. The commentary is very extensive. The whole volume 
may be found to consist of about 14000* “‘granths” verses and (the above two 
verses show that) this voluminous commentary was compiled by him in about 
eleven month's time, which is indeed a very remarkable feat. Utpala has 
writter a commentary on ‘satiipancasika, a work on Jātaka by Prthuyasa, son of 
Varahamihira’a copy of which is kept in the Poona College Collection (No. 355 
of 1882-83). 


* The term *Gramtha” in such context means verses in Anustup metre Consisting of 32 
letters. each. 


L4 


102 HISTORY OF ĪNDIAN ASTRONOMY 


CATURVEDA P2THÜDAKA SWĀMĪ 


Date 


He has written a commentary on Brahmagupta’s Brahma Siddhānta. 
Bhāskarācārya has cited his name several times. Prthüdaka's name also 
appears in the commentary on Khaņdakhādya by Varuna, which was written 
about Saka 962. This indicates that he lived before Saka 962. It seems that 
he was not known to Bhatotpala. But his commentary on Brahma Siddhānta 
cites Balabhadra's name. From this he appears to have been Bhatotpala's con- 
temporary or he may have belonged to a slightly later date. In other words, 
date comes to about Saka 900. 


Place 


-He has remarked in the 35th couplet of the 7th chapter of Brahma Siddhānta 
as follows :— 


Atha sāksabhāgāh kānyakubje...... kānyakubje swanatabhāgā ‘meaning: 
degrees of latitude in Kānyakubja...... degrees of zenith distarce in Kānya 
kubja". He has similarly remarked in the 8th couplet *yatheha Kanyakubje’ 
meaning 'asitisin Kanyakubja". These remarks show that he either belonged 
to the kanyakubja area or may even have been a resident of Kanauj. 


His Works 


He has written a commentary on the first 10 chapters of the Brahma 
Siddhānta, a copy of which is in the Poona College Collection. He has, at 
many places in the commentary, remarked "this has already been stated by me 
in the chapter on the celestial sphere". It seems that he first wrote his commen- 
tary on Golādhyāya, the 21st chapter of Brahma Siddhànta, and then on the 
first ten chapters of the work. One of the last sentences in his commentary on 
the ten chapters shows that his commentary on Golādhyāya contains about 
1500 verses. The commentary on the ten chapters contains about 5300 verses. 
The commentary is, on the whole, a good one. When the original work itself 
is good, it is no wonder that the commentary on it is also faultless. However, 
Bhāskarācārya has criticised him at one or two places to the effect that Caturveda 
has spoiled (or misconstrued) the sense of the original composition of Brahma- : 
gupta which was really beautiful", and this charge is justified. This commen- 
tator seems to be a plain speaker. At one place he has criticised Brahmagupta 
with the remark "It is nothing but needless repetition" (see 28th and 29th 
couplet, from chap. 7). He has written at the end of the tenth chapter, "Prthu- 
swami, the Caturveda, who is the son of Madhu, has compiled this", and at 
the end of some chapters he has spoken of himself as “son of Madhusüdan'a'*, 
From this, his father's name appears to be Madhusüdana. 


The commentary by Varuna shows.that Prthüdaka may have written ā 
commentary on the Khandakhadya also and part of it wasin verse form. He 
calls himself Prthuswami. One wonders whether this means that he had entered 
upon the fourth stage of life (that of Sannyāsī) when he wrote the commentary. 

is commentary on Brahma Siddhānta does not contain guotations from any 
*paurusa' writers except those of Balabhadra. Those from  "apaurusceya" 
(divine) writers, also are very few. The only names which have occurred in 
his works are, “Bhagavan Manu, Vyàsa Muni and the author of Purāņas”. 
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ŠRĪPATI 


His Works 


He has the Siddhāntasšekhara and the Dhīkotidakaraņa, two astronomical 
works to his credit. He also wrote Ratnamālā, a work on Muhürta and 
Jātakapaddhati, one on astrology. The author has not seen his work Siddhā- 
ntašekkara. The name of this work could not be found even in the catalogues 
of libraries like the Government Collection of the Deccan College, and the 
Anandasrama Collection of Poona. But Bhāskarācārya has referred to his 
work. Similarly, the Muhürta work, Jyotisadarpana and the Marici commen- 
tary on Siddhānta Siromani have quoted him. The work Dhikotidakaraņa 
is not at all known now ; but the author fourd in Arandasrama, Poona, a 
chapter on the eclipses of the sun and the moon from it. It consists of 19 


verses only. 


‘Date 


"No books printed so far give any clue to his date; but I found Sripati’s 
date in the small and incomplete copy of the Karana mentioned above. The 
Karana has adopted Saka 961 as the epoch which shows that Sripati lived about 
that year. 


His Commentaries 


There is a brief.commentary on the two chapters mentioned above. It 
contains two solved examples on eclipses for which the Saka years 1532 and 1593 
have been adopted. It shows that the Karana work appears to have been in 
use up to that year in some regions. Both works, Ratnamālā and Jatakapadd- 
hati have been printed at Varanasi and both have a commentary on them, 
entitled Mahadeva. : 


His Lineage 


Šrīpati has mentioned nothing about his place, family etc. However, 
Mahādeva, in the beginning of his commentary on Ratnamālā observes : 
HAVANT SHS salds: Ware anaa AU aaa fedra agaa aT. 


Translation.—Šrīpati, son of Nāgadeva and grandson of Kesava, and who 
was like the Sun giving delight to lotuses in the form of descendants of Kasyapa 
with the desire of explaining the meaning of the samhita, observes :—...... 


From this his ‘gotra’ seems to be Kašyapa, Nāgadeva the name of his 
father and Ke$ava, that of his grandfather. 


His School 


Sripati says that he wrote his work Ratnamālā on the basis of Lalla's 
Ratnakoša. Even the work Dhīkotidakaraņa shows that he was the followed 
of Lalla, that is that of Aryapaksa. 

VARUŅA 
Date and Residence 


He has written a commentary on Brahmagupta’s Khaņģakhādya. It has. 
adopted chiefly Saka 962 for solving examples, and this shows his date to be 
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about the same year. The commentary shows him to be a resident of a village 
named something like ‘Carayyat’ in the area "Urusá' 1egion, near Kashmir. 
The position of the place has been mentioned by him as latitude 34°22’ and 
longitude equal to 99 yojaras, east of Ujjayini meridian (i.e. about 74° or 450 
miles). 


- A surprising fact has béen noticed in his commentary on Khandakhadya. 
At the very outset it has been remarked, ir his commentary on the calculation of 
ahargana ; 
sad frraiafrtavtt | orsfreeaTere ago edq Tat aafaa qug 11 


qa feet wars s eperfirarea rae |1* 


Translation.—‘So is said in the SiddhantaSiromani. If you are calculating 


ahargana corresponding to a particular day of the week, you will have either to 
add 1 to or subtract 1 from the result. The same will have to be done in the 
case of particuiar tithis. Similarly while finding the 'adhimāsa šesa * or ‘avama 
$esa' the number of intercalary and ‘avama’ days in a Kalpa undergoes a similar 
positive or negative change”. 


This verse is given by Bhāskarācārya in his Siddhāntaširomaņī and or the 
basis of this (verse) Varuna should be said to have lived after Saka 1072; but 
several examples in his commentary show that his date comes to about ‘Saka 
962 and there is absolutely no doubt about it. This verse clearly appears to 
have been interpolated by some one later on; otherwise, who knows it there 
existed another work, named Siddhāntaširomaņī, compiled earlier than Saka 
962, which cortained this verse word for word? 


RAJAMRGANKA 
Date 


This is a karana work. It has adopted Saka 964 as its epoch. The epochal 
positions have been given for the Sunrise (mean sunrise) i.e. for Sunday, morning, 
the 13th cum 14th lunar day of the dark half of amānta Phalguna of Saka $63. 


Basis 


That the work has been compiled after applying corrections to the planetary 
positions derived from the Brahma Siddhānta has nowhere been explicitly 
stated ; still, the epochal positions are found to agree with calculated figures 
when the corrections are applied to the planets according to the Brahma 
Siddhanta. The epochal positions are as follows :— 


S o ft" S o r» 
Sun 10 28 45 0 Venus 6 7 52 39 
Moon 10 9 2 53 Saturn 6 20 4 3} 
Mars 8 2 9 47 Moors apogee 5 10 30 45 
Mercury - 8 133 15 Moon's node 2 16 58 5 
Jupiter | 3 1 0 30 


*There are two Versions of the book in the Deccan College Collection under Nos. 526 
and 527 of 1875—76 A.D. This verse has been taken from the first of them. 


— 
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The positions of apsides and nodes at the epoch of the Karaņa work have 
-also been taken from the Brahma Siddhànta. The correction suggested in it 
„and the method of finding it is given in the following verse :— 


AMAT 3998 AAA AAA ATATMATĀ $3090 fW: 11 

AtgregrafagTe J ANART 11 Qe | 

TART fam Yoo q di ferafam qu N 

fafw: 3 arī V Hal % grat us ator y fedfufu tw afaa: v uo a li 

fata 2 any 2 da qormaifeg sup Gp oed aAA arg GATARA li Yt | 
Wer meer 


Translation, —Add 3179 to the Saka year. Divide the sum by 12000. Sub- 
‘tract the remainder from the divisor itself (i.e. from 12000). Divide the smaller 
of the two (viz the remainder or 12000-remainder) by 260, and multiply it by 
3,5,1,52,5,15,4,2 & 2, respectively in the case of the planets in order (viz. ‘the 
Sun, the Moon, Mars, Mercury, Jupiter, Venus, Saturn, Moon's apogee, and 
Moon's node) so as to obtain the respective corrections. They are positive 
for Mercury, Mars and Saturn, and negative for others. 


Author 


—Chapter on mean places. The Colophon contains the following line : 
agdiaftra ga faaea agafat 11 īsta ga ATT saifāfast Wr N 


. Translation :—**This Karana work, known as 'Mrgànka', has been compi- 
led with the good intention of sztisfving the astronomers, by Sri Bhoja who is 
revered by rulers of the earth”. 


This shows that this Karana was compiled by King Bhoja. The above—. 
mentioned correction is: not found in any of the earlier works now availablle. 
It appears to have been devised at the time of Bhoja himself. It seems probable 
that he patronised some astronomers, got them to take observations for a num- 
ber of vears, and after comparing the observed pfaces with those calculated from 
the Brshma Siddhānta, he finally determined the figures for correction so as to 
agree with other works also. It is not known if King Bhoja possessed the 
knowledge of astronomy as would be sufficient to compile a Karana work 
himself. If not, the astronomers under his patronage may have compiled it 
and named it after him. But even if that be the case, there is no doubt that 
the astronomers had acquired the ability to compile a new work in the light of 
‘observations only on account of the royai patronage. 


Subject Matter 


This work contains only two chapters viz. one chapter on mean places and 
. other on true places of planets and the two together contain 69 verses. It 
appears that they may be calculating eclipses directly with the help of the Sidd- 
hàntas. This work is not in use anywhere at present ; and because of the lapse 
of many years, the ahargana calculated from it would be a very large number 
and hence very inconvenient for calculating the mean places ; because of this 
and also other Karana works which have been compiled later, this work may 
naturally have gone out of use. Even then it appears to have been in usefor a 
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considerable number of years. Mahàdevi Sāraņia, Karaņa work following the 
Brahmapaksa was compiled in Saka 1238. It refers Rājamrgānka. Similarly, 
Tājakasāra, a work compiled in Šaka 1445 contains the line, 


GI FTA TT EET TAT WATT HAT aT LI 


which means, “true places can be obtained from Srisüryatulya, Karanottama or 
Rājamrgānka, from which it appears that the true places of planets used to be 
calculated from the Rājamrgānka.”” 


The method of finding ayanāmša has been described in this work in the 
line. 


qs: gulfsgag T VY d: yfer go WAAIT: WLU 
Aaa ary 


Translation.—The difference between the Saka year and 445, when multi- 
plied by 60 gives the ayanāmšas. 


KARANA KAMALA MARTANDA 


This is a Karaņa work. Its epochal year is Saka 980. The author of this 
work also is, like that of Rajamrganka, a king. The following verses are 
written at the end of the work : 


araia faxa: qut: p S ata: AAT AH SROYRTU £p Po di 
qie ifa aA aaaea: state faeq fea: aia: ir 
wal aariaa xf: Toads agvifedau gad: WIRT waat 
TAT: WLU 
afa go, 


Translation :——''(10) This “best of the Karana works" has been compiled by 
the learned king Dašabala, son of Virocana, and belonging to Valabha dynasty. 


(11) Illustrious scholars like Aryabhata and others have spread their fame 
every day by power of their accomplishments, spotless like foam and well- 
known throughout the world. 


At the request of others this work has been compiled by me, offering homage 
at their sacred feet. May people be happy with the benefits acquired by its 
help.” 


His School 


It appears that the work was compiled by king Dašabala of the Valabha 
dynasty. It does not state the name of. the Siddhànta followed; still, the 
annual motions given for its ‘abdapa’ (moment of the mean Aries Ingress} 
and tithi-Suddhi (means tithirelapsed at the mean Aries Ingress) agree with 
the.figures calculated from the Brahma Siddhānta as corrected with the help 
of Rajamrganka. Similarly, the sides, the ‘naksatra’ dhruvas, nodes, etc. 
agree with the Brahma Siddhānta. From this, it is undoubtedly proved that 
the work coriforms to the corrected Brahma Siddhānta. It has not separately 
mentioned the corrections; the motions have been determined after actually 
taking these into account. 
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Advantages 


The mean planetary places used to be calculated from the ahargana in well- 
known earlier Karana works like the Pafica Siddhāntikā, Khandakhadya and 
Rajamrgafka. In other words, they describe the method of calculating mean 
motions and mean places of planets from the number of days obtained by multi- 
plying by 3654 the number of years elapsed after (epoch of) the Karaņa 
work. But the ahargana increases with the increase in the number of years 
elapsed, and this causes lengthy multiplications and divisions. If tables 
showing mean motions for successive periods of days are prepared for calcula- 
ting mean places, the calculation of mean places of planets would take very 
little time, or if mean places are found from the number of years elapsed after 
the epochal year, on the basis of the yearly mean motions of planets, even 
then it would take very little time. But it is surprising that the Paficasidd- 
hantika, Khandakhadya and Rājamrgānka, and even well known Karaņa 
works like the Karana prakāša, Karanakutühala and Grahalāghava which 
were compiled after them, and from which calculations are made even now, 
give the extremely laborious method of finding mean places of planets from the: 
total ahargana. The mean place of a planet can be obtained from *varsagaņa” 
or from tables in one tenth of time or even less required for finding the place 
by that method. The present work, Karana Kamala Martanda, has not only 
given methods for finding planets’ places from ‘varsagana’ but has also pre- 
pared tables of motions in period of years in order to save the labours of mul- 
tiplying the 'varsagana' by the figures of annual motions. This is a great 
advantage. Some astronomers, who following the Grahalāghava, are, in 
these days, found using tables giving motions for days which are useful in 
finding planets positions from the ahargana. Similar tables based on the 
Pafica Siddhāntikā and other works, might have been compiled by astrono- 
mers at different times ;but many ignorant astronomers are found who prefer 
the overlaborious method given in the old works instead of making use of tables, 
because these are not met with in the works. The author of Karana-Kamala 
Martanda deserves praise in this respect. The work gives the calculation of 
mean places of planets from the mean Aries Ingress. It is somewhat surprising 


that the positions at the epoch and the yearly motions are not given in verse 
form; but it seems that these may have been given in the tables which accom- 
pany the work. The work seen by the author (Deccan College Collection 
No. 20 of 1870-71) however, contains tables for ‘Tithi Suddhi' only. The work, 
as it stands, is not sufficiently useful for making planetary calculation. It 
contains the following ten chapters consisting of 279 verses in ‘anustup’ metre:- 
mean places (of planets); three problems; lunar eclipse; solar eclipse; risings 
and settings; elevations of the moon's cusps; soli-lunar parallels of declina- 
tions; conjunctions of planets; true intercalary months; and calculation 
of the samvatsara (year). This work has assumed Šaka year 444 as the no- 
precession year and one minute of arc as the annual rate of precession. 


The Aufrecht catalogue mentions another work by  Daéíabala, entitled 
Cintamani Sāraņikā which contains tables useful for almanac-making. Dašabala 
claims that the work of almanac-making can be expedited to a great extent 


through the aid of his work. He also appears to claim that the like of his 
work was never compiled before 
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KARANA PRAKASA 


Date and Author 


This is a Karana work. The epoch of the work is Saka 1014. The author, 
observes, in the beginning, 


AAAS AT ATH BUA MaACAAT AH: SUITS 1 


Translation :—*'I, the astronomer, Brahmadeva by name, most humbly 
compile this work, Karaņa Prakāša, in conformity with the ‘Science’ of 
Āryabhata”. 


From this it is clear that, the astroi.omer, Brahmadeva, compiled this work 
following the (principles of) Aryabhatiya. The colophon of the work is as 
follows 


ariana adfgadatutegat ATATT: 

siste aqu quere: emt fects: farat ui 

«ar deg gafar Gu Sq Wen: 

qq: casefag wm gut agaa: gūt: Ww $t 


Translation :—‘‘There lived a great Brahmana scholar, named Sri Candra 
who was a (?) Māthura, reputed all over the world, who was the abode of 
virtues and whose feet were worshipped by a number of kings. His intelligent 
son, Brahmadeva, after worshipping the feet of Lord Shiva, compiled this 
very accurate Karaņa work in metrical form." 


It appears from this that Candra was the name of Brahmadeva's father. 
Candra may have received the patronage of some king, or else as the above 
verse indicates, he m ust have been at least highly respected by some king. 
The name ‘Mathura,’ suggests that he may have been a resident of Mathura. 


School 


It is said in the beginning that this work was intended to be in conformity 
with the science of Aryabhata and it is the first Āryabhata who is thus referred 
to. Even then, the positions and motions of planets given in it agree with 
those obtained from the First Ārya Siddhānta only after Lalla's corrections 
are applied to the latter. This does not mention the corrections separately. 
The planetary positions and motions have been determined after taking into 
consideration those corrections. The epochal positions mentioned in it are 


true for the mean sunrise of Friday, the 1st lunar day of the bright half of 
Caitra of Saka 1014. 


They are :— 

Sun 1! 16 32 57 Venus 10 11 28 58 
Moon ` 11 27 20 20 Saturn 3 2.14 23 
Mars 3 13 20 6 | Moon's Apogee 1 5 49 16 
Mercury 7 4 31 12 Moon's node 1 3 17 12 
Jupiter 6 2 56 27 


These positions are found to agree, even to the seconds, with those ob- 
tained from the First Āryabhatīya after Lalla's corrections are applied to 
the latter. 


JYOTISHA SIDDHANTA PERIOD 109 


Contents 


- The work describes the method of caculating the mean places (of planets) 
from the ahargana. It contains the following 9 chapters, viz. (i) mean places 
(ii) true places (ii) Geocentric calculation of the five planets (iv) Shadow 
(v) Lunar eclipse (vi) Solar eclipse (vii) Risings and settings (of planets) 
(viii) Elevation of the moon's cusps (ix) conjunctions of planets. This work 
has assumed Saka 445 as the zero-precession year, and 1' as the rate of annual 
precession. 


Its Use 


There are two kinds of Ekādaši fast Smārta and Bhāgavata. If on the day, 
precedirg the Ekādašī day, the tenth tithi (Dašamī) lasts for 56 ghatis cr more 
(after sunrise), the followers of ‘Bhagavata’ School do not observe the fast on 
that day, as it is regarded as "da$ami-viddha" (i.e. associated with the 10th 
tithi), but observe it on the next day. In finding the duration of the 16th tithi 

„in ghatis, the followers of the Vaisnava sect in Sholapur, Karnatak and major 
part of the Deccan, follow the Aryapaksa. The work, Karaņa Prakāša, 
follows the Aryapaksa, and any tithi calculated by it happens to be longer than 
that calculated by the Sürya Siddhànta or Brahma Siddhànta, by abcut 2 or 3 
ghatis. The author does not think that an almanac giving all tithis as calcu- 
lated from the Karaņaprakāša is any where in use at present ; because in order 
to prepare Grahalāghava almanacs, tables which are given in Tithi Cintāmāņi 
are available, and the calculations are made very quickly with their help ; 
there are no similar means for making calculations according to Karanapra- 
kāša. For this reason, the followers of Vaisnava sect, especially in Maharastra, 
use the Grahalāghava almanacs for other tithis, but adopt the Āryapaksa 
in the case of Ekādašī only. And this too is done only approximately on the 
assumption that the Aryapaksa’s tithi is always longer than that of Graha- 
lāghava paksa by about two ghatis. Hence, if the almanac according to 
Grahalàghava shows the duration of the 10th tithi as 54 ghatis, the next tithi, 
viz. the 11th tithi, is regarded as 'da$ami-viddha,' as its duration is bound to be 
56 ghatis according to Āryapaksa. The Grahalāghava almanac for Saka , 
1809 gives 52€ —15? , as the duration of the 10th tithi on Friday, in the dark 
half of Āsāģha, 54*  —32? as that of the llt} tithi on Saturday, and 555—39? 
as that of the 12th tithi on Sunday*. According to this calculation, the Ekà- 
dašī is not "da$amividdha", nor is there any other reason for recommending 
two days for observing Ekādaši ; and hence, all Marāthī almanacs have shown 
Ekādašī as falling on Saturday. But the author had a chance to meet a 
Vaisņava Ācārya of Raichur side, along with a party of his disciples. He 
told the author that they were going to observe the Ekādašī on the second day, 
and on being asked the reason why, he uttered some words like Āryapaksa, 
Karaņaprakāša, liptā etc. but he did not understand what Áryapaksa and 
Karaņaprakāša meant. And after a few searching questions he admitted that 
they were going to observe the Ekādašī on the next day, because they had 
received such instructions from Dharwar. The author does not think that 
any one even in those parts actually calculates tithis from Karaņaprakāša. 
He has also seen a manuscript almanat of Saka 1758 compiled at Bijapur. 
It also appears to have been calculated with the help of Grahalaghava or similar 
other works. It had, however, shown separately the 10th and llth tithis 
calculated from Karaņaprakāša. The author once met a Vaisnava astronomer 
from Sholapur who told him that they used to calculate the duration of Ekādašī 
only sometimes from Karaņaprakāša. A learned astronomer from Bid gnce 


* These figures have been copied from the Grahalāghava almanac published in the Sayana 
Paficáàga of Saka 1809. 
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met him in Šaka 1806. He knew the complete method of calculatior based 
on Karaņaprakāša but he told the author that they did not always make 
their calculations from Karaņaprakāša. I actually did the calculations for the 
*das$ami' referred to above, from Karaņaprakāša and obtained its duration ss 
54^— 59» after mean sunrise and 56 ghatis after true sunrise, for the longitude 
of Ujjayini*. In short, the Karaņaprakāša is still in use to a certain extent. 
"The author had to take a lot of trouble in procuring a copy of the work, and 
get one. 


The Three Schools 


It must be mentioned here that the tithi, according to Aryapaksa, is found to 
be longer by 2 or 3 ghatis, only if Lalla's correction is applied to the calcula- 
tions made from First Arya Siddhanta otherwise not. Hence, it appears that 
a different criterion governing the observance of Ekādaši, according to Arva- 
paksa, might have been introduced, sometime after Lalla, for such criterion 
could not have existed before. There is a work on ‘Muhirta’ (compiled in 
Saka 1493) known as Muhürta Mārtaņda, which states that the tithi according 
to Áryapaksa is longer than that according to Brahmapaksa, by about four 
ghatis. This work and the Grahalaghava show that, in the 15th Century 
of Saka era, the differences of the three schools (Arya, Brahma and Saura) 
had become acute and each had its own circle of followers. Karana Kutuhala 
: and Rājamrgānka are works following the Brahmapaksa. Khandakhadya 
can be said to belong to the Saurapaksa. No independent work compiled 
prior to Saka 1014 following the Aryapaksa, is available. Hence, the three 
schools appear to have become clearly divergent from Saka 1000 or perhaps 
even from Lalla's time, and their followers might have begun to take pride in 
their respective creed. 


Á4 


The positions of planets mentioned in Grahalaghava as belonging to Ārya- 
paksa have been calculated from the Karaņaprakāša. 


BHASVATI KARANA 


Date, Author and place 


This is a Karana work. It has adopted Saka 1021 as the epochal year. It 
has been compiled by an astronomer named Satananda. Aniruddha, the 
commentator of Bhāsvatī Karaņa, says that Satananda was a resident of 
Purusottamapuri that is Jagannāthapurī, and that the epochal positions given 
by him are true for that place. The convention generally followed is that the 
epochal positions are given as for Ujjayini, irrespective of the place where 
the siddhānta works are compiled. But the author of Bhasvatikarana appears 
to have departed from the convention, since Jagannathapuri happens to be far , 
away from the meridian of Ujjayini and he was right. Satananda has, in the 
beginning, observed, *natva Murāreścarņāravindam” meaning, "after saluting 

*Bven four hour's labour will not be sufficient to calculate figures for Ekdaa#i with the 


help of Karaņaprakāša. The author has done the calculation in about three quarters of an 


hour by another method which is easier than that and still gives results in conformity with 
ihe Karaņaprakāda. 
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the feet of Murārī (Lord Krsņa). From this, Mādhava, one of his commen- 
tators, says that he was a Vaisņava. "Satānanda observes in the first Adhikāra- 


aa qud fHÍgR WS depifüsiqus gata 30! 


Translation. —"Now by favour of God Mihira, I compile a brief work equal 
to the Sürya Siddhànta in merit", 


Basis 


Madhava, one of tbe commentators of his Bhāsvatīkaraņa interprets the 
word ‘“‘Mihira’ as the sun, and interprets the words *'like his Siddhànta" as 
*from the Sürya Siddhanta", and he has attempted to explain the positions 
and motions of plapets ir it with the help of the modern Sürya Siddhānta, but 
be bas failed in this attempt. He is everywhere required to justify his stand by 
remarking that “the Ācārya has ignored the slight differences." Madhava 
has not at all understood the fact that Satacanda compiled this Karana work 
"with the help of the Sürya Siddhànta of Varaha's Paūca Siddhantika. The 
Paūca Siddhantika appears to have gone quite out of vogue in his time (Saka 
1442) and this may have beer the reason for misunderstanding. The author 
has seen many other commentaries on Bhāsvatī but they do not explair the 
basis of the ‘Ksepaka’. 


The epochal positions given by the Bhasvati are those, true for the moment 
of true Aries Ingress of Thursday, the New Moon day of the ‘amanta’ Caitra of 
Saka 1021. The author could not exactly find for what moment on that day 
they are true, and hence, he could rot verify if they agree upto minutes and 
seconds of longitude. However, tbe epochal positiobs are definitely true for 
the day of tne true Aries Ingress and they agree,* for the most part with the 
figures obtained after applying the corrections (given on page 78) to mean 
places calculated from the Sürya Siddhānta, given in the Pafica Siwahantikd of 
Varāha. From this it is proved beyond doubt that the planetary positions 
cited cy Bhāsvatī are those obtained by applying the Varaha's corrections to 
the places derived from the original Sürya Siddhānta. The annual motiors 
Of planets are also given in the same way. 


` 


True Aries Ingress 


The calculation of mean places, according to this work, is based, not on 
ahargana but on ‘varsagana’ (i.e. the rumber of years elapsed), and it has 
already been pointed in the discussion on Kamalāmārtaņda (page 107) that 
this method is very convenient. All other Karana works which advocate the 
calculation of mean places from ‘varsagana’ start with the moment of mean 
Aries Ingress ; but this work starts with the moment of the true Aries Ingress. 
In preparing his plenetary tables Keropant has based the calculation of the 
planet's places on the true Aries Ingress. 


Centisimal System 


Sat&nanda's work has one more speciality, viz. that he has adopted a centi- 


*The ahargana for verifying the epochal position given in Bhāswatī as calculated from 
(the epoch of) Pafica Siddhāntikā comes to 216962. One can easily see how labrious it would 
be to do the multiplication and divisions with this figure. If on the ether hand the work 
bad given the rates of annual motion, the basic figure would have been (1021—427) — 394 and 
the planetary calculation would have been far more easy. 
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simal system, for starting the epochal positions and the multipliers and divisors. 
required in the calculation of the motions of planets. Ir doing so he has 
mentioned the positions and motions of the Sun and the Moor in terms of 
Naksatras and those for Mars and other planets in terms of Rāšis (Signs). 
The author quotes two examples of this. The rate of annual motion of the 


moon has been given as 995:—. These are centisimal parts. This number, 
divided by 100, would give the required number of Naksatras. This would 
9955 x 800 
give —— —— 19663 minutes—412*16'10." Theadoption of the motion in 
100 


‘centisimal units such as 995* involves much less labour than that involved in 
adoptirg the motion in terms of signs, degrees, etc. Another example. The 
epochal position of Saturn is given as 594. This-is given in terms of signs. 
The figure 594 when interpreted as so many centisimal units would give 

594 

———-—528*12' 
100 
This system is somewhat similar to the present decimal system. One 

cannot say if the author of this Karana work adopted the name Satānanda. 
because he loved the Satāmša (centisimal) system. 


Contents 


The Bhàswati consists of the following eight Adhikāras (chapters)—(i) 
*tithi dhruva” (ii) ‘grahadhruva’ (iii) true tithi (iv) true places of planets (v) 
three problems (vi) lunar eclipse (vii) solar eclipse and (viii) graphs. These 
consist of about 60 verses in all in different metres. 


Bhàsvati has assumed Saka. 450 as the zero precession year; and 1’ as the 
annual rate of precession. 


Commentaries 


There is a commertary on Bhàsvati written in Saka 1417 by Aniruddha of 
Varanasi from which it appears that there were many other commentaries on it 
written before. Madhava's commentary was written about Saka 1442. He 
was a resident of Kanauj, (Kanyakubja). Another commentary was written 
by Gangadhara in Saka 1607. There is yet another commentary dated about 
Saka 1577. Colebrooke says that Balabhadra’s commentary was written in 
Saka 1330. From the catalogue* of Sanskrit books prepared by Aufrecht, 
the title of this commentary appears to be Balabodhini. According to Aufre- 
cht’s Catalogue there are following additional commentaries on Bhāsvatī- 
karana :—Bhasvatikaranapaddhati ; Tatvaprakāšikā by Rāmakrsņa ; Bhās- 
vaticakrarasmyudaharana by Ramakrsna ; Udaharana by Satanarda ; Udāha- 
rana by Vrndāvana. Similarly, there are commentaries by Acyutabhatta, 
Gopāla, Cakravipradāsa, Rameswara, Sadānanda and a “prākrit” commentary 
by Vanamāli. 

Most of these commentators hail from Northern India. It shows that 
Bhasvatikarana was well known on that side. It is not at present known there, 
nor did I come across a reference to it in any other work. 


KARANOTTAMA 
Date 


This Karana work has been mentioned at several places by Mahādeo in his 
commentary on Sripati Ratnamālā. Mahadev quotes from this Karana on 


*The German Oriental Society has published at Leipzig in the year 1891, a very big 
extensive catalogue of Sanskrit books (Catalogus Catalogorum) prepared by a Germano 
scholar, Theodor Aufrecht, on the basis of 56 long lists of Sanskrit books, 19 of which 
Contained particulars of books at different places in Europe and 37 of those available in India. 
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precession. *'Saka vasutryambara candra hinah”, which means, *Šaka dimi- 
nished by 1038". Similarly, he quotes also the following lines from it :— 
(i) “kala rūpā yatah karaņašaradah sa šatayutā” and (ii) "Karanottamadau 
cāpyāyanāmšā dasasamkhyah’’, meaning (i) The precession in Kalas (minutes) 
is 600, equal to the years elapsed before the date of (compilation of) the Karana 
and (ii) the ayanāmšas adopted by the Karanottama at its beginning are ‘ten’. 
This clearly shows that the work, Karanottama, was compiled in Saka 1038. 
That Saka 438 was taken to be zero precession year, and that the annual rate of 
precession was l'. A statement from the Tajakasara (Saka 1445) viz that the 
places of planets should be calculated from „Sūryatulya, Karanottama or Raja 
Mrganka has already been given on page 41. Out of those Sūryatuly a 
might have been a work following the Saurapaksa ;Rājamrgāika has alreadey 
been shown to belong to Brahmapaksa. Hence, it seems that the third, Kara- 
nottama, probably belonged to Aryapaksa ; that it was in use in Saka 1445, is 
obvious from the Saka year of Tājakasāra. I have not read or heard of the work 
being available in use anywhere at present. 


MAHESVARA 


He was the father of Bhāskarācārya, the famous astronomer and author of 
Siddhānta Siromani. His date of birth may be about the year Saka 1000 and his 
works may have been written about the year 1030 to 1040. The account of his 
ancestry will be found later in the account of Bhaskaracarya. According to the 
inscription of Ananta Deva, his great grandson, he compiled *'Sekhara" a 
Karana work, Laghujatakatika, a. work on astrology, and the work entitled 
Pratisthā vidhidīpaka (see account of Bhāskarācārya). Vrttašata is another 
work written by him. It may be identical with the Muhūrta work named 
Vrttašata. 


ABHILASITĀRTHA CINTĀMAŅI 
THE AUTHOR 


King Somešwara III of the Uttara Calukya dynasty, who was otherwise 
known as Bhulókamalla or Sarvajfiya Bhupala, compiled the work ‘“Abhilasi- 
tartha Cintāmaņi or Mānasollāsa. It contains a number of subjects of which 
astronomy is one. The work has adopted Saka 1051 as the epoch for planetary 
calculation. The following lines are found written with reference to it :— 


CET ara e pow ACT Td p THT AAA Tid SRQTHES | 
ayadi Tafa srafafzfa aiaia N aaa N 
Maaga AAMAS} qaa p eaaa: Hat R Q* 


Translation :— 


It appears from this that the work has given epochal positions for Friday, 
the first lunar day of the bright half of Caitra of the above Saka year, and the 
places of planets have been calculated from the ahargana. As the author has 
not actually seen the work, it is not known from what Siddhénta-work the planet's 
places have been calculated. 


.'See Prof. Bhandarkar's History of the Deccan (English) Journal of the Royal Asiatic 
Society, New Service. 
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OTHER WORKS AND AUTHORS BEFORE ŠAKA 1072 


Bhāskarācārya's Siddhāntaširomaņi cites the names of a number of works, 
among which there are some which have not been described so far. 


Madhava’s Siddhanta Cūdāmaņi has been referred to twice in Siromani (see | 
pages 234 and 269 of Pandit Bapüdeva's book). This Siddhānta is not now 
available. 


Bhāskarācārya's 'Bijagantta' (algebra) refers to Brahma and Visņu Daivajífiya 
as writers on algebra who lived before him. Their works are not available at 
present. Of them, Brahmà may be the author of Karaņaprakāša. 


BHĀSKARĀCĀRYA 


He was a very famous astronomar. Not only is his fame resounding 
throughout our country for the last 700 years, but it has reached even the 
foreign countries. A brief account of his work will now be given. 


He has the Siddhànta Siromani and the Karana Kutühala, two astronomical - 
works, to his credit. He writes in the Siromani. 


HIS DATE 
THTTGUAS 403% TAMHTTAAA MAA: 
TIT 14 qd wur Paginas aT: 11 4s i 
Aa gsmrem tā 
Translation :— 


“T was born in the Saka year 1036 and I compiled the Siddhānta Širomaņī 
when I was 36 (58th verse)." 


This shows that the year of his birth was Saka 1036 and that he compiled 
Siddhanta Siromani when he was in his 36th year. The epoch adopted for the 
Karanakutühala is Saka 1105. From this, he appears to have compiled it in that 
year. He has himself written a commentary named Vāsanābhāsya on two 
chapters of the Siddhānta Siromani, Grahaganita and Golàdhyaya. At one 
place (in the chapter on the soli-lunār parallels of declination) in it he observes 
“I have similarly quoted the ‘Sarakhandakas’ in the karaņa work" ; and he has, 
at some places in the commentary adopted 11° as the ayanāmša. This ayanā- 
mša value of 11°, according to his view, was true in Saka 1105. So he seems 
to have written the commentary about the Saka year 1105. However, a part 
of the commentary may have been written before this and some portion may 
possibly have been written along with the original Siddhānta. He compiled 
the Karana work in the 69th year of his age and a portion of the commentary 
also was written then. This speaks of his energy and intelligence at such a 
ripe age. Such people are very rare in our country at present. His works 
and other works also contain so much evidence about his date that-there is 
absolutely no doubt about it. 
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ANCESTRY 
Bhāskarācārya has recorded a brief history of his ancestors and has 
mentioned the place of his residence in the following verses :— | 


aia anata fefazssi qarasa fasafas miferi 
: feat: 1 

sfaeatafrarzareadel fafana: argaraaftrigaaTgti 
aaqa: 11 4% At 


sere uri a Tana: quera erdt faewrieasftird HTT | 

gad aaa aagi zer faat fears safga ad 
afa wie: RS N 
Ma AMENT: 


Translation ; 


(61) There was a Brahmana, Mahešvara by name, and belonging to Sandilya 
*Gotra', who lived in the village of Vijjadavida, which was sheltered by the 
ranges of Sahyadri mountains, and which was inhabited by learned men well 
versed in the three Vedas. He was the formost among astrologers and best of 
virtuous persons, a treasure of all knowledge and shilled in the study of the 
Sruti and Smtri works. j 


(62) The poet Bhàskara, who was his son and worshiped his feet was very 
intelligent and he compiled a Siddhānta work which was aimed at being the 
enlightener of the ignorant and very much liked by the scholars, which was full 
of true and clear statements, accompanied by reasoning,which was easily 
intelligible to learned men and antidote to wrong thinking. 


It is clear from this that his gotra was Sandilya ; his father's name was 
Mahešvara from whom he got hislearning. His place of residence was Bijjada- 
vida, near the Sahyadri mountains. 


L 


There is a village named Pātan 10 miles S. W, of Calisgaon, in Khandes ; 
at present it is a deserted place. In that village there is a stone inscription * in 
the Bhavāni's temple. Cangadeo, a grandson of Bhāskārācārya was an astro- 
nomer at the court of king Singhana of the Yādava dynasty. This Singhana 
(Simha) ruled at Devagiri from Saka 1132 to 1159. Cangadeo built a math 
(monastery) at Pātan for the teaching works of Bhāskarācārya and those of 
his descendants. King Saideva of Nikhumbha dynasty, a feudal king of sing- 
hana made an endowment for the maintenance of this monastery in Saka 1129 


"The Late Bhau Paji discovered the inscription and published it in the journal of the 
V A. So, N. S. Vol. I p. 414 ff. It was. again printed well on p. 340 ff, Vol I, of 
Epigraphia Indica, and Pātan, the name of the village occurs in it. 


9A 
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and his brother, Hemadi, also made a grant. This information can be ob. 
tained from the above inscription. Cangdeva has drafted the contents of the 
inscription, a few years after Saka 1128. The monastery does not exist now ; 
but one finds traces of its existence. This inscription gives an account of the 
forefathers and successors of Bhāskarācārya as follows :— 


aifid sfarradf fafacpqhgg deer Sm: | 

at Maas gare faeraftratesgWERTHT 11 Bo UI 
ACATANA TAS AT THAT MTA: | AE: GTETATA TAHT RATIT: WS p. 
atmeta TA Mea: Fat PANT: | samta tm m mA BARAT: ULE tr 

aqq: afagaafama: wafaaraar- 

HI: BAPLTITA AAI: gdafagras: | 

afai: wq isle at faa cat faari anf — 

rata AHH fae: TATA AG frag: 11 Ro N 

adare dardfāa, Tia ti 

En EZIEIEIE AE RACE EH ARGC TTS 11 2% 11 
sig eam SISTI Neal FISA: 1 TIT aT af: FATA FATT: 11 33 ut 

amq ge: Raaf aama iA agda: | 

Sara madarasa aan: Het AS g: 11 73 1 

WRAP: fagia RARE: 1 

TEAGRA cava Were THE M RY I 


Translation :— 


(17) Trivikrama, the best of poets, was born in the Šāņdilya family. A; 
son was born to him ; he was named Bhāskarabhatta and was made the 
* Master of learning’ by king Bhoja. — 


(18) From him was born a son Govinda, who resembled Govinda (Lord? 


Krsņa), from whom was born a son, named Pravākara, who was another: 
Prabhākara (Sun). 


(19) From him was born Manoratha who was the fulfiller .of “manorath’s” 
(i.e. aspirations) of good men, and the great poet Mahešvara was born from him. 


(20) His son, a scholar was so great and famous that his feet were worshipped 
by groups of scholars, he was the fruit borne by the creeper in the form of 
learning. he was the store of ali knowledge, and he attained so much fame and 
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was so great that there could rarely bz found any one on earth to debate even 
with his disciples. 


(21) Laksmidhara was the son of Bhāskara. He was at the helm of all 
learned men, who interpreted the Vedas and was the leader of logicians and 
was an expert in the science of * mimānsā ’. i 


(22) He being known to be well versed in all sciences was invited by king 
Jaitrapāla to his court, and was made the leader of all scholars. 


(23) From him was born a son named Cangadeo, who was the senior most 
astrologer at the court of Emperor Singhana. He constructed a monastery 
with the intention of propagating Bhaskaracarya’s works. 


(24) All the works compiled by Bhāskara, the chief of which was the 
Siddhantasiromani, and also the works compiled by his descendants, are to be 
regularly studied in my monsatery. 


Bhaskaracarya’s genealogical: table, prepared on the basis of the above 
verses is given in the margin :— 


Trivikrama The gotra and the name of Bhaskara’s father in this 
1 "agree with those given by Bhāskarācārya himself. 
Bhāskara Bhatta According to the inscription, the sixth person upwards 
| s from Bhāskarācārya in the table, was the tutor to king 
Govinda Bhoja Bhāskara, the author of Siromani, was born in 
] Saka 1036. Reckoning 20 years as the average for a 


Prabhākara generation, Bhāskara, the tutor of Bhoja, may be taken 
| to have been born in Šaka 936. Hence it was not 
Manoratha impossible for him to be the tutor of king Bhoja, the 
1 author of Rajamrganka, who lived in Saka 964.. The 
Mahešvara inscriptions further says that Laksmidhara, the son of 
} Bhāskara. the author of Siromaņi, was invited by king 
Bhāskara Jaitrapāla to his court and that his. grandson, Cangadeo, 
l was astronomer at the Court of Emporor Singhana. 
Laksmidhara Jaitrapāla of Yādava dynasty ruled* at Devagīri from 
1 Saka 1113 to 1132 and his son Singhana ruled from 
Canga Deo Šaka 1132 to 1169. 


There is a village named Bahāl, 10 miles north of Calisgaon, in Khandes, 
near the river Girana. There is an inscription in this villge in the temple of 
goddes Sārajā. According to this inscription, Mahe$vara was the son of 
Manoratha, of Sandilya gotra ; his son was Sripati who had a son, named 
Ganapati. His son Anantadeo was the Head Astrologer at the Court of King 
Sinha (Singhana) of Yàdava dynasty. ` In Saka 1144, he built the above men- 
tioned temple** of the goddess. It was he who got the inscription carved. 
This description of ancestry agrees quite well with that given in the Cangadeo's 


inscription. The first ancestor named in Cangadeo's inscription, is the author 
Of the work, * Damayanti Katha’. 
EN orsi cg clue 


*See Prof. Bhandarkar's History of the Deccan, (English) p. 82. 


**This inscription is reproduced on p. 112, Vol. III, Epigraphia Indica. The inscription 
Stātes Dwārajā to be the name of the goddess. 
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THE PLACE OF RESIDENCE 


Bhāskarācārya has not stated that he was patronised by any king, nor 
do we get such information in either of the two inscriptions. According to 
his statement, Vijjalavida, was the place of his residence. The last two 7 
letters of this word suggest that Bid might have been the place. But Bid is a - 
place in the Nizam state, 80 miles to the east of Ahmedanager. It is not 
situated near the Sahyadri ranges, and it is learnt from enquiry that there are ; 
no descendants of Bhāskarācārya living there at present. The Lilāvatī of 
Bhāskara was translated in Persian, by Akbar’s orders in 1587 A.D. (Saka . 
1509). The translator has stated in it that the birth place of the author was : 
Bidar in the Deccan. Bidar is a place about 100 miles to the east of Sholapur* ; 
in the Nizam State, but it is not near the Sahyadris. It is a place 30 miles to : 
the east of the well known city of Kalyan. The kings of the calukya dynasty . 
were ruling at Kalyan at the time of Bhāskarācārya. Even though such a: 
great kindgom existed so near, nothing is mentioned anywhere about the, 
association of Bhāskarācārya with it. From this, we may conclude that 
Bidar was not Bhāskarācārya”s place of residence. 


It is stated in the 22nd verse of the Canga Deo’s inscription that “ king 
Jaitrapāla called Laksmidhara, son of Bhāskarācārya from the town, ‘Patan’... 
The village of Patan is very near to Devagiri (Daulatabad), the capital of the 
Yādava Kings and it is near the Candwad hills which are off shoots of the, 
Sahyadris ; that is, it is ** sheltered by the Sahyadri range ", in the words of 
Bhāskarācārya. The village of Bahāl where Anant-Deo, a descendant of ; 
Bhāskara built the temple, is only about 20 miles from Pātan. This shows ` 
that Bhāskarācārya's original place of residence was, beyond doubt, the village; 
Pātan itself or some village near it bearing some such name as Vijjalavida. 
It is not known at present. : 


Subject matter of Siddhānta Siromani 


The Siddhānta Širomaņi is divided into four main parts which are also : 
called Chapters. Each pàrt has a number of chapters in it. The first part is 
termed as the ‘Patiganita’ or Līlāvati, by the author. This can be said to be an. 
independent work on arithmetic and mensuration.. It consists of about 278 
verses. In between are also given explanations of examples in prose. In the 
beginning are given in it some tables of various measures ; next follow the terms - 
for the places of digits in a number up to * parardha’ which is the 18th place. : 
Next come the eight fundamental operations, addition, subtraction, multipli- . 
cation, division, square and square root, and cube and cube root. They are, 
termed * parikarmastaka’. Then come subjects like, fundamental operations ` 
for fractions and those for zero, * istakarma ' (unitary method), rule of three, 
rule of five, progressions etc. Similarly, these aré followed by areas and volumes . 
of different figures and solids. Next come subjects like ** kuttakaganit, pāksika 
viparyaya and sarvāmšika viparyaya’’, amongst which is given an example 
of special importance. “ A peacock was sitting on a pole, 9 cubits in height. 
It saw a serpent at a distance of 27 cubits, approaching a hole at the foot of the 
pole. It jumped to catch the serpent. Both moved at the same speed. How 
far away from the pole will they meet? " The answer given is * 12 cubits away 
from the pole’. This answer is correct if the peacock is supposed to have 


*See Pott’s Algebra (1886) Sec. II. 
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flown along the hypotenuse of the right angled triangle i.e. 15 cubits in a 
straight line. But it is worthnoting that the important mathematical idea 
that the path of a flying peacock would be a curve much different from the 
circumference of a circle which is not found in other Sanskrit works, had 
occurred to Bhāskarācārya. It is needless to say that such popular beliefs 
as that one can count the leaves of a tree by studying Lilavati, are baseless ; 
but they indicate people's reverence for the work. The second part of the wofk 
is known as * bijagaņita ° (Algebra). It contains the following subjects :— 
the addition etc. of positive and negative numbers, of unknown quantities and 
of surds. Then come the chapters on subjects like * kuttaka * and * varga- 
prakriti *, simple equations of one unknown quantity, simultaneous equations 
of more than one unknown and equations involving squares and higher powers 
of one or more unknown quantities. This consists of about 213 verses in all. 
with some prose portions in between. 


The parts known as * goladhyaya' and ' gaņitādhyāya ° are devoted to 
astronomy. The first part treats of all subjects related to planetary calculations 
which have been mentioned in the list of Adhikāra given in the Introduction. 
The number of verses in it, including those in the commentary, is stated to be 
4346. The part known as * golādhyāya ' deals with the theory of all questions 
discussed in the * ganitadhyaya °’, a description of the three worlds, a chapter 
on instruments of observation etc. The number of verses mentioned is 2109. 
in the end is given a very short but important chapter named “ jyotpatti ". 
in the middle is given a short chapter entitled * description of seasons’ ; it has 
been compiled by Bhāskarācārya only to exhibit his poetic gift. 


His Capability 


Bhāskarācārya has adopted from the Brahmasiddhanta the numbers of 
revolutions and other elements of all planets given in the chapter on mean ` 
places and the degrees of epicycles in the chapter on true places. The correc- 
tions to be applied to mean positions of planets have been taken in toto from 
the work * Rajamrganka '. Even the precessional motion has been taken 
from earlier works. In short, there is nothing new in Bhaskaracarya’s works 
which is obtainable by observation ; but his work is full of knowledge obtain- 
able only after deep study. This sort of knowledge is the origin of the theory 
of the Science of astronomy. The work Siddhantasiromani has reached such 
a high degree of excellence on account of various simplified methods and the 
explanation of their underlying theory, covering all subjects from the trifling 
calculation of planets’ places from * ahargana ° to'abstruse questions like that 
of parallax and the sine theory, that we can really understand the essence of 
Indian astronomy by reading even this single work ; and it appears that it is 
on account of this Bhāskarācārya became so very famous. Several works of 
varymg quality might have been thrown into the background because of this 
Work. In view of the fact that even the Brahma Siddhānta which was revered 
by Bhāskarācārya like a preceptor, was surpassed by Bhāskara Siddhānta, 
One can easily guess how many other authors might have been consigned toobl- 
‘Vion because of Bhaskara's works. The period from Āryabhata I to Bhāskarā- 
Cārya is regarded as the most brilliant period so far as the development of 
Indian Astronomy is concerned. It is during this very period that the Khaliphs 
of Baghdad in their days of prosperity invited astronomers from India, got the 
Hindu works translated into Arabic and Latin, and the Arabs and Greeks 

ame disciples of Hindus. It was in this very period that the problem of 
‘ Ayana’ motion was fully studied. Several authors of works might have 
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flourished in this flourishing period of astronomy ; but some of them are now 
known only in name, while some others are not even so lucky. It is no doubt 
due to the march of time ; butit is felt at the same time that Bhaskaracarya was 
responsible for this to a great degree. No other author of equal calibre was 
born after him. Bhāskarācārya's works are weli known in every nook and 
corner of the sub-continent of india. Not only this, but they have been, 
translated aiso even in foreign languages. But it is the misfortune of our 
country that such a genius failed io make any of the important discoveries 
made in Europe in modern times or even lay the foundation of at least one of 
them. Bhāskarācārya did not make any efforts in respect of observation. 
The author inclined to believe even from his meagre experience that if he had 
done it, his intelligence which was devoted to the task of merely explaining 
theories like a commentator would have definitely been diverted to new dis- 
coveries. 


His works contain nothing new; still, because he has devoted all his 
intellectual power to theory, his works do contain some new discoveries which 
are obtainable by study and not by observation. To him the knowledge of the 
sphere was at his fingure’s ends. He has suggested a number of new methods. 
in the chapter on three problems and has shown his ingenuity in dealing with 
several questions in them. Earlier astronomers had not described, in their study 
of the gnomon, the method of calculating the length of the shadow in any 
whatever direction but he alone has described it. He has remarked, ** Earlier 
astronomers had been labouring under a delusion in respect of the calculation of 
the Mahāpāi (Soli-lunar parallel of declination); described the correct method”. 
Earlier astronomers appear to be regarding the arc of the latitude to be lying 
along the declination circle, that is perpendicular to the equator but he has 
clearly shown that latitude is perpendicular to the ecliptic. The correction 
known as * udayantar ' is one of his discoveries. Itis briefly described here :— 


* When finding planets! places from the ahargana, the days are all supposed 
to be of equal length ; but actually they aré not so. Even at the equator, 
the days are somewhat longer or shorter than 60 ghatis (i.e. 24 hours) and this 
causes the difference between the moments of mean and true sunrise. The 
places: of planets calculated trom the ahargana are true for mean sun rise. 
To deduce their places true for the true sunrise, earlier writers have prescribed 
the corrections known as * bhujantar’ and ‘cara’. Bhāskarācārya has pres- 
cribed one more correction known as * udayantara '. The sun’s motion in 
the ecliptic is not always uniform. The time of true sunrise differs from that 
of mean sunrise according to the equation of centre, that is, the difference 
between the trué and mean longitude of the sun. The correction due to this 
is called * Bhujantar'. The earth rotates round its axis: it rotates in the 
plane of the equator and not in that. of the ecliptic. It is on account of this 
fact, that the 30° arc of the ecliptic does not always require the same time to 
come above the horizon as an equal arc of the equator. The correction 
necessary to cover this irregularity has been called "Udayantara' by Bhāskarā- 
carya and this correction is evidently necessary to be applied. The corrections 
of ` bhujantara ' and * udayantara ' together are included into one term called 
* the equation of time" by .the European astronomers. Thus Udayantara 
was one of the discoveries of Bhāskarācārya. Ranganātha, the commentator 
of the Sūrya Siddhanta has attempted to show in his commentary on the 59th 
chapter that this correction was desired by the author of the Sūrya Siddhanta 
and has remarked that the author had not mentioned it as it was very 
small. The author of the Siddhāntatatvaviveka has attempted to refute 
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Bhāskarācārya”s argument about the need of the adoption of this correction 
of * udayantara ’, but this attempt has proved futile as it shows sheer obstinacy. 
The Siddhānta-širomaņi discusses new trivial questions other than that of 
* udayantara * and has in the discussion pointed out at two or three places, 
Brahmagupta's error”. 


Karana Kutūhala . 


The Karana work, Karana-Kutühala, has adopted Saka 1105 as the epocha 
year. The moment of sunrise on Thursday, the new moon day of Phālguna 
of Saka 1104, is the epoch for which the positions are given. The mean places 
have been calculated from ahargana. Bhāskarācārya regards his work as 
comparable to Brahma Siddhānta, but as a matter of fact, it is so, only when 
the corrections recommended by Ràjarmrgánka are applied. It is also called 
* Grahāgamakutūhala ". It was very well known. Some persons use this 
for calculation even now. It has already been pointed out that the figures 
claimed by the author of the Grahalāghava, as belonging to Brahmapaksa, 
have been taken from this work. There is a voluminous work called ‘‘ Jagac- 
caņdrikāsāraņī ” containing tables which are used to calculate planets’ places- 
according to this work. The Karana Kutūhala contains the following ten 
Adhikāras (chapters) (i) mean places (ii) true places (iii) three problems (iv) lunar 
eclipse (v) solar eclipse (vi) rising and setting (vii) elevation of moon's cusps 
(viii) conjunction of planets (ix) Mahāpāta (x) pürvasambhava (possibility 
of eclipses). These respectively contain 17,23,17,24,10,15,5,7, 16 and 5 verses, 
making 139 verses in all. 


Commentaries 


No other astronomical work can boast of having so many commentaries on 
them as the works of Bhāskarācārya. Some of them deal with all the four 
sections of the Siddhàntasiromani, Some others are written on only the first 
part called Lilāvatī, some on only the second part known as ' Bijaganita ° and 
still others deal with the two parts * grahagahitādhyāya ' and ‘goladhyaya’. 
The commentaries on Lilāvatī are mentioned below :— 

Gangādharā, the son of Govardhana and a resident of Jambusarā, has written 
a commentary called * Ganitàmrtasagarij' ; it probably belongs to Saka 
1342. This was also known as‘ Ankāmrtasāgari ', and the Aufrecht catalogue 
states that Laksmidhara was another name of Gangādhara. Gaņeša Daivajūya, 
the author of Grahalaghava, wrote his commentary known as * Buddhivilāsinī ', 
in Saka 1467. Dhanešvara Daivajfiya has written a commentary called 
* Līlāvatībhūsaņa *. Mahidàsa has written one in Saka 1509. The commentary 
known as Lilavativivrtti has been written by Munišvara in about the year 
1557. The commentary by Mahidhara, known as Lilāvatīvivaraņa, refers to 
Munisvara ; from this it appears to have been written after Saka 1557. The 
* Aufrecht Catalogue mentions the following additional commentaries :— 


The * Ganitāmrta Lahari’ by Ramakrsna, son of Nrsimha, (1339 A.D.) ; 
the Patiganita kaumudi, a commentary by Narayana, son of Nrsimha (1357 
A.D.) Manoranjana by Ràmkrsnadeo, son of Sadādeva; The Li/dyati- 
bhūšaņa by Ramacandra; Nisrstadūtī by Višvarūpa ; Gatitāmrtākūpikā 
By outvadasass the Udaharana by Candrašekhara Patanāyak ; Udaharana by 

ISVešwara and commentaries by Damodara, Devisahāya, Parašurāma Rama- 
datta, Laksminatha, Vrndāvana, Sridhara Maithila etc. Of these, the **Nisfs- 
tadūtī”” commentary appears to belong to Munišvara, because Višvarīpa 
was another name of Munisvara. 
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The commentaries on * Bijaganita ° :—The commentary known as Bijana- 
vankura by Krsņa, the famous astronomer at the court of Emperor Jahangir 
was written in about Saka 1524. It is also known as Bijapallava and Kalpa- 
latavatara. It is very extensive. There is a commentary known as Bijaprabodha 
written by Ràmakrsna, son of Laksmana, who was the son of Nrsimha Deo 
of Amraoti. This Rāmakrsņa calls himself a disciple of Muni$vara. From 
this it appears that it belongs to about Šaka 1570. The Aufrecht catalogue 
mentions ** Bījavivrītikalpalatā " by  Paramasukha, and * Ueāharaņa ” by 
Krpārāma, as additional commentaries. 


Gane$a Daivajfiya, author of the Grahalaghava, has written a commentary 
on * Grahaganitadhyaya and Golādhyāya ". Ganeša, the great grandson of 
Gane$a Daivajflya, the author of the Grahalüghava, wrote a commentary 
known as * Siromani Prakāša, about Saka 1500. The commentary known as 
Vāsanākalpalatā or Vāsanāvārtika by Nrsimha, a resident of Golagrām, 
belongs to Saka 1543. The Marici commentary by Muni$vara or Vi$Va- 
rupa is Very extensive and the best one. It was written in Saka 1557. Siddhān- 
tasüryodaya, a commentary by Gopinātha, brother of Raghunātha and son of 
Bhairava, was written after Saka 1450. 


_ The following are the commentaries on the complete work of Siddhar- 
taširomaņi :—Stryadasa, son of Jiiyānarāja, has written a commentary known 
as Sūryaprakāša on all the four sections. The part of this commentary relating 
to Līlāvatī and Bīja was written in Saka 1460. Paramādisvara, the commentator 
of Aryabhata I, is said to have written a commentary called. Siddhāntadīpikā 
on the works of Bhāskarācārya. lt appears to have been written on all the 
four sections. The commentary “ Mitabhasini’’, by Ranganātha, son of 
Nrsimha, a resident of Golagrām, was written soon ‘after Saka 1580. 


The Aufrecht Catalogue: mentions the following additional commentaries :— 
The ‘ Ganitatatvacintàmani by KLaksmidāsa, son of Vacaspati (1501 A.D.) 
The Udaharana, by Vi$vanátha ; and the commentaries by Rājagirīpravāsī 
Cakracudāmaņi, Jayalaksmaņa or Jaya Laksmi, Mahešvara, Mohandāsā, 
Laksminātha, Vācaspatimitra (?) and Harihara. Most of them might be con- 
fined to Grahaganitadhyāya and Golādhyāya only. 


The Karaņa' Kutūhala, has been commented upon by Sodhala, by Padma- 
nābha, son of Nārmada, and by Šatkar kavi. The last commentary has 
adopted Šaka 1541 as the year for its examples. There is a commentary 
dated Šaka 1482, which contains an example : the commentator was a resident 
of Unnata Durga. The place -has 4-48 as the palabhā and 60 yojanas west, 
as dešāntar (longitude). The Aufrecht Catalogue mentions the following 
additional commentaries :—Ganitasar conforming to Brahmasiddhānta and 
written by Kešavārka ; * Ganakakumudakaumudī ” by Harsagahita ; the 
Udaharana by Višvanātha, and the commentary by Ekanatha. 


There may be* many more commentaries on Bhaskaracarya’s | works. 
The Lilàvati was translated into Persian in Saka 1509 and the Bija in Saka 
1597. Colebrooke has published the English translation of Lilavati and 
Bijagatita in 1817 A.D. Pandit Bapudeva Šāstri published an English transla- 
tion of Golādhyāya in the Bibliotheca Indica in 1861 A.D. The translation 
contains a number of notes. All parts of Siromani and the Karat'akutühala 
have been printed at several places in our country. 


*The author has taken the information about some of the commentaries enumerated 
above from other books. He has not seen all the commentaries personally. 
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Mādbava (Šaka 1185) the commentator of Ratnamālā, and other writers 
have mentioned, ‘Bhaskarvyawahara,’ a work on Muhūrta. Itmaybe a work 
by Bhāskārācārya. A verse of Bhāskara has been quoted in connection with 
marriages in the commentary on Vivāhapatala by Rāma (Saka 1446). A 
reference to the work Vivāhapatala by Bhāskara was also found in the *Sàrh- 
giya’ Vivāhapatala and in other one or two works ; and a small volume named. 
Bhāskaravivāhapatala which is in the Deccan College collection, gives no 
information other than the author's name. It appears however, that Bhàs 
karācārya might have written a work entitled ** Vivahapatala ”. 


Anantadeva 


He was a descendant of Bhāskarācārya. His inscription at Bahāl dated 
Šaka 1144, has already been referred to above (page 117). He has. 
mentioned in it that he wrote commentaries on *' chandašcityuttara ", the 
20th Chapter of Brahmagupta's Siddhānta, and on Brhajjātaka. 


ĀDITY APRATĀP SIDDHĀNTA 


l The Mahādevi commentary on Šrīpati's Ratnamālā has quoted some 

lines from this Siddhānta. The Mahadevi commentary belongs to Šaka 1185. 
This Siddhānta must, therefore, have been written earlier than this. The 
Aufrecht Catalogue mentions it as written by Bhojarājā. Ifit be true, it be- 
longs to about Saka 964. 


VAVILALA KOCCANNA 


A karana work by Vāvilāla Koccannā, a Telangana astronomer, belongs 
to Saka 1220; and the epochal positions in it are given for the afternoon of 
Thursday, the New Moon day of Phālgunā of Saka 1219. I have calculated. 
the planet’s places from the modern Surya Siddhānta, and they agree with the 
author’s places completely. It, therefore, clearly shows, that the work has 
been compiled with the help of the modern Sūrya Siddhānta. The work 
does not contain the correction to be applied to Sūrya Siddhānta according. 
to Makaranda and other works. Mr. Warren,. an European of Madras, 
compiled a work entitled * Kāla Samkalita* in 1825 A.D. It incorporates 
the major part of this Karana work and gives some information about it. 
It appears from this that the work is still in use in Telangana, and almanacs 


are prepared with its help. These almanacs are known as “ Siddhānta Cāndra- 
Paficanga." 


GRAHASIDDHI 


Itis a Karana work. It is also known as Mahādevi Sāraņī. It has adopted 


Saka 1238 as the epochal year, and hence, it appears to have been compiled 
about that time. 


Its History 
The author, in the very beginning, observes, 
SAT STH TAAL fats Aga KARU «emma fou 


which shows that the work was first started by some astronomer, Cakrešvara, 
and then the imcomplete work was carried to completion by Mahādeva. 
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Dbanaraja wrote a commentary on it. Mahadeva has recorded his family 
history in the last 4 verses of the original work ; but the commentator has 
not commented upon them because the verses are very incorrect. There is 
A copy of the commentary in the Deccan College collection. The Ānand- 
āšrama has got a copy of the work without a commentary (no. 2086) which 
contains the same verses in their incorrect form. One comes to know from 
it that Mahādeva was a Brāhmaņa, his Gotra was Gautama, Padmanābha 
was his father's name and Mādhava* his grandfather's name. The Author 
has come across an old work named * Jātakāsāra °’, written in Sanskrit and, 
Gujerati. It has recommended the calculation of planets places from Mahā- 
devisāraņī. The copy of the Mahadevisárani belonging to the Deccan College 
Collection was procured at Ahmedabad. The commentator also is the resident 
of a place near Gujerat, and Mahadeva himself has adopted 4% as the‘ palabhā ' 
for calculating the ascensional difference (cara). It shows that he may have 
been the resident of a place near Surat in Gujerat, and it appears that the 
work might have been in use in Gujerat for a considerable period. 


Contents 


This work contains about 43 verses. They describe the methods of cal- 
‘culating only the mean and true places of planets. The epochal positions 
are given for the mean Aries Ingress and the work contains tables for calculating 
„mean places of planets from * varSagana’, which simplifies all calculation. 
It has given the positions and motions of planets which are comparable to the 
Brahma Siddhànta, after the corrections mentioned by Raja Mrgafika are 
applied. 


The Commentary 


The commentator has given his account at the end. : A portion of it is 
given below :— 


addgagimā. ?&e3 Tes sacra uer fad- 
ZE KTI IFTAR (?) warden 11 
UAHA TTA Tietsdātgua: 
fara aaaea sftatrisa 11 
Sy araa Gadget... ll | 


Translation :—(There are omissions and inaccuracies in the text). 


“In the village of Padmāvati, on the 8th lunar day of the bright half of 
Jyestha in Saka 1692 Š 


“ There is the King Gajasimha, of Rathod family, who is a Jain and rules. .” 


From this, the commentator appears to be a Jain. He has given Dhanarāja 
as his name. He has, in the commentary, calculated the longitude of Sirohi, 
(a pláce, 30 Y ojana's West of Ujjaini) ; and from this, he seems to be a resident 
of that place. The name of the commentary is Mahādevī Dipikà. It is 
‘said to contain 1500 verses. The year 1692, mentioned in the above verse, 


4s a Samvat year of the Vikrama era, and hence, the time of the compilation 
«Of the commentary comes to be Šaka 1557. 
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NARMADA 


It has already been observed in reviewing the modern Sūrya Siddhāntg 
(Page 43) that there must have been a commentary on the Surya Siddhünta 
or some work based on it from the penof Narmada. The time of that 
Narmada must be Saka 1300. This point has been discussed further while 
commenting on the Dāmodariya bhatatulya. The commentary or work is 
not at present appreciated, 


PADMANĀBHA 


He was the son of Nārmada mentioned above. His probable date was 
aka 1320, and more information about him has been given in the next para. 
He has written a work entitled * Yantra-Ratnāvalī *. The author had with 
him, its second chapter entitled Dhruvabhramayantra, which bears his. 
(Padmanabha) own commentary. 


Li 
A review of these works will be found in the Chapter on instruments. 


DĀMODARA 


Dāmodara has to his credit a work, Bhatatulya by name. 
is Saka 1339. The author observes, 


«TH: AVITAL AAT HET 11 
qaqaia qed frat Fag atm Hay 11 2 11 
AETITTTT: 


Its epochal year 


Translation :— 


Dāmodara, after saluting the Lotus-like feet of his Guru Padmanābha, 


compiles this karaņa work, comparable to that of Aryabhata, for the pleasure 
of laerned men(2) 


sfr ataque: ATA; Neary qp WT: d 
FEAT TATAATASNTT TA fade wa Py) ee 
aranaz easwfatu: tated fafa 
IANA T BW ANAT: THAT tr 2€ N 
IEZ. 
Translation :—May the study of the work made with the favour of my 


father and preceptor Sripadmanabha, son of Srinarmadadeva, bring me 
Prosperity. (16) 
The virtous Damodara, whose lotus face was like the Sun and who is 


(9) a continuous prayers bY'his good disciples, compiled this Karana (work) 


———‘Conclusion’ 


_ From this, it appears that Padmanābha was his father’s name, who was also 
* his preceptor and the name of his grandfather was Nārmadadeva. In the 
Dhruva-bhramayantra mentioed above, the author observes in the beginning. 
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Saaga: an ai THA TAT: 
At fraratgataīftatga Kada AAT AA |1 ? i 


Translation :—After saluting the feet of my father and preceptor, who was 
born because of the favour of Srinarmadadeva, I describe the best of the 
instruments, the Dhruvabhramayantra, which is useful in giving the time at 
night (1) S 


«and in the end, the following remark is made :— 


afa ay miara a aaaea 
afa aana fēdta: ui 


Translation :—So ends the second chapter on Dhruvabhramaņa, in his 
self-written work Yantra Ratnāvalī, which is compiled by Srīpadmanābha, 
son of Srinarmada. 


It appears from this, that Narmada was the name of Padmanābha's father 
and this leads one to believe, beyond all doubt, that this Padmanābha was 
Dāmodaras father. Damodara’s work was written in Saka 1339. Hence, 
assuming 20 years for one generation, the date of Padmanabha’s work comes 
to be about Saka 1320. The work, ‘Jatakabharana’, (see section on ‘jataka’ 
later on) written in about Saka 1460, refers to the Dhruvabhramayantra, 
which lends support to the above argument. Although it does not prove 
beyond doubt that the Nàrmada whose verse has been quoted by Ranganātha 
(page 43) was the father of Padmanabha, referred to in the above verse. 
still there is a similarity of names, Padmanābha says that Narmada, his father, 
was a scholar and was also his preceptor, and it appears quite probable that 
he could have been the author of some work. The Narmada, mentioned by 
Ranganātha, must have lived before him (Saka 1525) and this does not give 
rise to any contradiction ; and the most important fact is that Damodara has 
adopted in his work, Bhatatulya, 54 seconds as the rate of annual equinoctial 
motion. This is the same as in the Sürya Siddhānta. None of the *pauruseya' 
(human) authors of works described so far, have adopted this notion except 
Dāmodara. From this, it seems beyond doubt, that Narmada who was his 
grandfather, must also betheauthorof the commentary on Sürya Siddhànta. 
The date of his commentary may be Saka 1300. 


The work ‘Bhatatulya’ has adopted epochal positions for the mean Aries 
Ingress of Saka 1339. They agree with those obtained after applying the 
Lalla's corrections to First Aryasiddhanta. The sides and nodes are given 
according to the First Arya Siddhanta. He has adopted 54 seconds as the 
annual equinoctial motion and Saka 342 as the zero-precession year. More 
information about this will be given later on. This work contains the following 
chapters :— 

(i) mean places. 
(ii) true places. 
(iii) calculation of places of five planets. 
(iv) three problems. 
(v) lunar eclipse. 
(vi) risings and settings and 
(vii) conjunctions of planets. It contains, in all, 222 verses in various 
metres. The author has remarked in the end that the number of 
verses would be 400, if composed in *anustup” metre. 
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He has. dealt with the chapter on ‘three problems’ very extensively. . It 
consists of 87 verses, which contain some problems also and the figure 5 for 
the ‘palabha’ has occurred a number of times in those problems. The first 
Arya Siddhānta does not mention longitudes of stars. The work ‘Karana- 
prakāša which also follows the Āryapaksa, does not give longitudes of stars. 
But those given by Damodara are some what different from what one finds 
in all other works. This speaks of his independent discovery in this respect. 
A more detailed discussion of this will be found further in the chapter on con- 
junctions of planets. 


MAKARANDA 


Makaranda is a work containing tables which facilitate the calculation of 
the almanac. It has been compiled by the astronomer Makaranda himself. 
In the beginning he observes, 


ae giu arafa RTE d! 
fazarfeqa faafaa PAATE TEERSIHI tt % oi 


Translation : —Makaranda, who is delight incarnate, has, by his preceptor's 
favour, compiled this work containing tables for calculating Tithi etc., on the 
basis of the Sūrya Siddhānta for the use of the world. 


It shows that this work was compiled on the basis of the Sūrya Siddhānta 
and that the author was a resident of varanasi. The ending moments of 
tithis etc., given in ghatis and pala's, when calculated according to this work, 
are found true chiefly for varanasi. The Sürya Siddhānta referred to in this, 
proves to be the modern Sürya-Siddhanta from the theory. It is stated in 
the version printed at Varanasi that the work had adopted Saka 1400 as the 
epochal year. There is no other internal evidence in support of this assertion, 
nor does the author find any external evidence. There is, however, no reason 
to doubt its authenticity. Diwakar wrote a commentary on this work named 
Makarandavivarana about Saka 1540. The ending moments of tithis etc., 
and places of all planets are obtained very easily with the help of this work. 
The author does not describe the system for want of space. In many parts 
of Northern India, like Gwalior and Varanasi, almanacs are compiled with 
the help of this work everi at present, and these are used by the local population. 
This work is printed in Varanasi. The theory underlying these tables has been 
explained by Gokulnath Daivajūya in Saka 1688, and it has also been printed. 


The author of Makaranda has recommended a correction for the Sūrya 
Siddhānta, which has been mentioned already. 


KEŠAVA 


Gaņeša Daivajūya, the author of Grahalāghava, has written a commentary 
on *Vivāhavrindāvana” which is a work by Kešava. The work, ‘Karana- 
kanthirava’, was, according to Gaņeša also compiled by the same Kešava. 
This must have been a karana work but it could not be procured anywhere. 
This Kešava was an Audicya Brahmana of Bharadvaja Gotra. The names 
of his forefathers, beginning from his father in ascending order, were Rāņaga, . 
Sriyāditya and Janardana. This Ke$ava must have lived earlier than the 
Kešava, the father of Gane$a,the author of Grahalāghava. Nirnayamrta, 
a commentary on Pitāmbara's Vivahapatala, written in Saka 1446, refers to the 
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Vivākavrindāvana. īt appears from this that the date of this Kešava could 
not have been later than Saka 1400. The work, Vivāhavrindāvana is well 
known and.it is at present available in a. printed form. According to the 
Aufrecht’s Catalogue, there is another commentary on the work written by 
Kalyāņavarma 


KESAVA (11) 


He was the father of Gaņeša Daivajūya, the famous author. of Grahalāghava. 
He was himself a very great scholar. According to the well-known saying, 
*Desire success on all fronts, but desire a defeat from the disciple, it was 
very creditable to Kešava that Gaņeša Daivajiiya surpassed him in the matter 
of planetary calculations. It is evident that his son could not have possessed 
so much ability, if Kešava hàd hot been a learned man himself. He has to 
his credit a Karana work named Graha Kautuka, and the Saka year 1418 has 
been adopted as the commencing year in it. From this, he appears to have 
lived about that date. In the work Muhūrtatatva, he remarks at the end, 


iso TRATAITAMAS Xd: QUIT: di 
afaa: aed serenrfatqqremem... 11 


"Translation :—This is for *Ke$ava, who hails from Nandigrāma, who is 
the son of Kamalākara, who always worships the feet. of his preceptor 
Vaijanatha and who is the leader of astronomers........ 


While commenting on this verse, his son, Gaņeša Daivajiiya observes “From 
Nandigrāma, a well known village, situated on the eastern shore of the Western 
sea, of which he was a resident". From this, his father's name appears to be 
Kamalākara, who was also an eminent astronomer. Kešava got his lessons 
from Vaijanatha and he was the resident of Nandigrama on the sea coast in 
Konkan. This is, at present, a village, in the Janjeera State and is known as 
Nāndgāon. It lies about 40 miles to the south of Bombay. His gotra, as 
- stated in the account .given by Gaņeša Daivajiiya, was Kaušika, and the name 
of Kegava’s wife was Laksmi. The family account of Kešava and Gaņeša 
is found in their other works also. 


His works. 


The works compiled by Kešava have been enumerated by Gaņeša Daivajiiya 
in the commentary on Muhūrtatatva as follows :— 


Wd gere ATS aeqne fi: 
fuf aaa aaqa afak Tafa 11 
Kraiddatrarsfrad edad 
were feet sfrtsraiisschr t 
Translation :—‘‘KeSava compiled the following works :—(1) Grahakautuka, 
with its commentary, the planetary work called *Grahacalana, the “Tithisiddhi’, 
the Jateka paddhati with its commentary ; the Tartiyapaddhati along with the 


commentary ; the Siddhanta Path containing the arguments and entitled 
*Muhürtatatva' : the religious practices of the Kayasthas. 
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Gaņeša Daivajūya again writes in the same commentary, 


qeadqeaztsrasaefufafafufufamgwieramforedtfrs eau faz arm TFT 
zfafaaiau Tem raerarorg fam sTeeeremrtausraTafauriquig qat 
qgdacd qud, 
Translation :—1, Ke$ava, describes the following works :—[the same list 
of works as above, with the addition of (1) The definitions of eight kinds of 
Kunda (2) Gata nibandha]. This prose extract is quire clear. The works 
Jātakapaddhati and Tajikapaddhati referred to in this, are at present well 
known. They are jointly known as the "Kešavi” and many Jyotisīs (astro- 
logers) use them. Both the works have been printed. The Muhūrtatatva is 
also printed. Fhe-work Muhürta Mārtaņda written in Saka 1493 near Devagiri 
(Daulatabad) mentions the Jātakapaddhati of Kešava, and a reference to 
Muhūrtatatva is found in Ranganatha’s commentary on the Strya-siddhanta 
written at Varanasi in Saka 1525. It shows that these works were extensively 
used in our country very soon after Kešava. 
OBSERVATIONS 


KeSava’s works on mathematical astronomy appear to have received a 
setback becāuse of the works writtén by his son ; but Kešava's rank is very 
high among astronomers in respect of observations. Our country. has pro- 
duced very few astronomers of equal ability. In the "Mitākgara', his own 
commentary on Grahakautaka, he observes, 


AZUTATMTASLT THUY quspaugiHzzdr ARIAT TTT) AS alaTest 
Ang Baad A TANT fst: yaaa TIT) ... Ud AAT 
aana sita | TH agate Fedak cafavuf p aa gda crat 
alqaldat g aedi quud Us agel gedqe WAT 1...Ud qedqi afārā: amd. 

dagaa aidaa aeaa aangaat 
paii aa aAA A ag sai i ...ud WAT 
qaga agaaa AA aan AAA M: ARARAT | 
Fafeafeu manaa aa aaan ga KET TRTA- 
qiacala | da de: Yduandgdadiai gee) ga agfa | aa: 
qigan: F A Tēla: | AG Wer deremTeUnmednTgIeuatrqqurmrest- 
Tag faar: | quem rast aena dēt: | arerī Ta: | ae 
SUR: fe qaaa afa ce.) Ud qaaa INT AKT 
TTT md d 

Translation :—The figures as calculated from Brahma, Aryabhata and 
Saura Siddhantas exhibit a vast difference in the positions of Mercury and 
Venus. Saturn shows an excess of five degrees, when actually seen in the sky 


at the time of its conjunction with stars and planets and while setting and 
rising...., similarly, a difference is recorded in epochal positions and in the 
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annual rates of motions. This difference will become very great as time will 
elapse, since the Brāhma and other Siddhàntas themselves show a great dis- 
crepancy in the numbers of revolutions and the number of seven days etc, 
Much greater difference will occur after the lapse of a long time.... Hence, 
the future calculators should calculate planetary places, by adopting the figures 
of revolutions increased or decreased in conformity with the actual observed 
phenomena of the conjunction, rising and setting of stars and planets in their 
own time. Otherwise, short karana works should be compiled by adjusting 
the epochal positions true for the moment in question. The writer has 
accordingly found out the mean place of the moon. instead of its maximum 
equation of centre, by reversed steps, from the observation of the lunar eclipse' 
at the ending moment of the full moon, since, the equation of centre is neither 
positive nor negative. The moon's apogee was finally fixed by reversing the 
. steps of calculation, after observing the eclipse at the moment of the full moon 
in the celestial globe of observation, since the maximum correction would 
neither be plus nor minus. The moon's place was found to be 5 minutes 
less as compared with that calculated from the Sürya Siddhānta. The apogee: 
agreed witn that ofthe Branmapaksa. The suns place showed a small dis- 
crepancy in the case of all *paksas' ; hence, the writer accepted that belonging 
to Saurapaksa. Places of other planets were fixed after actually observing 
their positions at the time of their conjunctions with stars and planets. Here 
the writer has taken the Mars and Jupitar as derived from the Brahma  Siddhànta 
and Mercury's place from Brahmapaksa. Venus was taken as occupying the 
mean position between the Ārya and Brahmapaksa. The Saturn was seen to 
exceed the position given by the three paksas by five degrees. Thus the writer. 
has calculated the places of planets by a shcrt method after observing their 
actual places at the present time. 


The writer has not found such a detailed account of results of observations 
personally taken by any other astronomer and recorded in his own work. 
As a matter of fact he inclined to think that there never lived another astronomer 
like Kesava, except the author of the original Sürya Siddhànta, Áryabhata I, 
Brahmagupta and the astronomers living in the time of king Bhoja. If he had 
recorded the day on which the qbservations were taken and what were the 
plafietary positions found from observation, the record would have been very 
useful. But it is a matter of regret that tradition never induced the astronomers 
in our country to record such an account in their own works. 


The writer found from calculation that he has adopted in his work, Graha- 


kautuka, such epochal positions and annual motions as agreed with his 
observations. 


Kešava has himself written a Spmmentary on the Graka Kautuka and the 
Jātakapaddhati. 


GAŅEŠA DAIVAJNYA 


He was a very famous astronomer. The astronomical works of no other 
astronomer are in use all over India at present as those of Gane$a Daivajfiya. 


His father’s name was KeSava, mother's name Laksmi, Kaušika his gotra 
and Nàndgàon, on the western sea-coast, his place of residence. These facts 
havlready been stated above. 
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Višvanātha, in his commentary * Vi$vanathi" on Graha Lāghava, observes, 
“the works which Gaņeša Daivajūya, my preceptor compiled, have been enu- 
merated by his nephew, the astronomer Nrsimha, in two verses in his commentary 
on Grahalaghava. ‘They are :— 


His WORKS 
aart esa adgefrarfattatavft t 


aqferatafer tat a faga: efreradiearsfa U 
sfr aacfa a rate deira d | 
aqaela qfagfa adia dii? 
FTA Ata x goea Ararat 


qua IST: ........ B 
Translation : —Gaņeša Daivajūya appears to have compiled the following 
works :—The Grehalashave, the  Lazhutthi Cint*--antt, the Brihetithi- 


cintamani, the Siddhantasiromanitika, ‘the Lilavatitika, the Vivāhavrndā 
vanatikà, the Muhūrtatatvatīkā, the Šrāddhanirīaya, the Candornavatika; 
the Tarjaniyantra, the Krsnastaminirnaya, the Holikānīrhaya, the Laghu- 
pāyapāta (i.e. a table for calculating Mahāpāta), etc. 


Even Ganeása has himself mentioned the names of some of his works in 
his work, Vivāhavrndāvanatīkā. They are, 


Halal agaaa faatafafa 

sit: afafa sanaaa aratafasarata 1 

ašaTagdacafaafā  qaifaufeer 1 

aeria Hal datesgifasT 11 
Translation : —(Not necessary) 


This list mentions the additional work, ParvanirNaya. It is not that these 
works have been mentioned in their chronological order. Still, the Grahalēghava 
appears to have been compiled first. In this work, Saka 1442 has been adopted 
as the epochal year for planetary calculation. At this time he must have been 
at least 20/22 years of age. In other words his date of birth may have been 
about Saka 1420, The work Laghucintūmaņi was written in Saka 1447 and 
the Lilāvatītīkā in Saka 1467. The Pātasārani shows that it was compiled 
some time after Saka 1460. The author has seen a printed Edition of Vrnda- 


vanatika and it has mentioned its date of compilation in a curious way. It is 
glven thus :— 


The Dates 
Sas $3 MATA META & T gfrtāg 1 
ef aint ¥ yg AAAA 22 Ma Ga Te: Z 
TH: MITA Wale gm: TA Talay up: ATT 11 
eame * FART 2 Ba aq al € fas MARIN: up od! 
aeaafafatattederat aiia afem.........1 


* (Samvatsara Ayana Yoga Naksatra Paksa Week day Tithi Month 5) 49.4500, —— 
12th lst +I9th +28rd -+lst —--3rd -+lst +Ilth) (21 0971600. 


132 HISTORY OF INDIAN ASTRONOMY 


Translation :—“‘Take 12 as the number for-the samvatsara (hayan). Add 
one (lava). for 'ayana' toit. Add 6 to the sum of these two numbers (i.e. 124-1), 
so as to obtain (19) as the number of Yoga. Add 4 to the sum which would. 
give 23 as the number of naksatras.and one (lava) for the paksa. If, a paksa 
is added to one more paksa (i.e. 1+2) it would give 3 as the number denoting 
the week day. Take 1 as the tithi number and 11 as the month number. 
Multiply the sum of all these numbers by 21 and increase the product by 9 
(nanda). The result is the Saka number". 


From this we learn thāt the commentary was completed on Māgha Sukla: 
Pratipada of Saka 1500, Bahudhānya Samvatsara, during Uttarayaņa, Dhani- : 
sthā, being the naksatra and Parigha, the yoga. The calculation for the first 
lunar day of the bright half of Māgha, in Saka 1500, shows that it agrees 
with the given day of the week. naksatra and yoga. If this was nearly the 
time of the compilation of the Vivāhavrndāvanatīkā, the author, must have 
been about 80 years old. Even it be supposed that he compiled the Grahalā- 
ghava at the age of 16, his age still comes to be 75 years. This is not an 
impossibility. The author however, found a manusript copy of the Vivahavrn- _ 
davanatika with Raghunatha Jošī at the authors' birth place, the village of. 
Murud in Dapoli taluka in Konkan, which mentions the date òf compilation in.’ 
the simple line, ““Rasanagamanutulye $aka Ananda varse" "meaning", in the ' 
Saka 1476, named, “Ananda Samvatsara". This appears to be reliable. The 
verse *hàyanárka etc....... ” must have been written by some one else. 


GRAHALĀGHAVA 


The Grahal&ghava has adopted Saka 1442 as the epochal year. "The positions ` 
have been given true for the moment of sunrise of Monday, the New Moon: 
day of the Phālguna of Saka’ 1441. (i.e. the 19th March, 1520 A.D.): They 
are as fgllows :— 


Planet TM 
Sun - 11 19 41 
Moon 11 19 6 
Moon's Apogee * .5 17 33 
Moon's node 0 21 38 
Mars 10 7 8 


Mercury (mean commutation)* 8 29 33 


Jupiter 7 2 16 
Venus (mean commutation) 720 9 
Saturn 9 15 21 


*The “mean commutation " means the distance of the mean planet from the mean Sun. 


ĪYOTISHA ŠIDDHANTA PERIOD 133 


Ganeáa Daivajfiya states how the planets would agree with the positions 
«alculated from ancient works :— . i l 


aafaa aen aaa aiT- 11 

SAR T PAA RATA: GAN: APT: 

apes aangaf AA i gege 11 
Wenn. 


Translation : —(not necessary, since the sense is given in the following para). 
The, places calculated for Sunriseon Monday, the New Moon day of Phālguna 
of Saka 1441, according to the instructions given above agree completely. 
That is, calculated from the modern Sūrya Siddhānta, the places of the Sun, 
and the Moon's apogee and that of the moon diminished by 9 minutes would 
agree with the positions given above. Calculated from the Karaņaprakāša of 
the Aryapaksa; the places of Jupiter, Mars, the Moons’ node and that of. Saturn 
-increased by 5°, would agree with the positions mentioned above. Theanomaly 
of Mercury agrees with that calculated from the Karanakutühala of Brahma- 
paksa; and the anomalies of Venus, as calculated from Karaņaprakāša and 
Karaņakutūhala agree with the above position when added up and halved. 
Gane$a has, however, left out seconds of arc in all the position and increased 
-or decreased the minutes in some cases ; hence, in certain cases, there is some 
discrepancy as far as minutes of arc are concerned. While calculating the 
places mentioned above, the ahargana for Karaņaprakāša comes to 156334 
and that for Karanakutühala to 123113*. It is obvious how very laborious 
it would be to make calculations with these figures of ahargana. Gaņeša 
has advocated the method of calculating planets’ places from the ahargana 
itself ; but he has employed a device by which the ahargana figure is not allowed 
to increase too much. He has assumed a cycle of the ahargana of 4016 days, 
since this happens to be the approximate number of days in the period of 11 
years; and the planet's mean motion during this period is termed the “‘dhruva’. 
The application ef this motton** gives the mean place. The ahargana never 
exceeds the number 4016 because of this device. 


His SPECIALITY 


Another speciality of the Grahalāghava is that it has done away with the 
use of sines and arcs. Inspite of this there is absolutely no harm in saying 
that this work gives results by no means less accurate than those obtained 
from any «of the earlier Karaņa' works. Modern English works give tables 
of sines not only for each degree, but even for each minute of arc ; and some 
works are so compiled that they give the sines of even seconds of arc. Our 
works give sines of angles of 3? degrees and their multiples. Thus , the number 
of tabular sines is 24 ; but the karana works generally give only 9 (at an interval 
of 10°) or even less. Even though the Grahalāghava has not used the sines, 
the method of finding the sun's true places, as adopted by Grahalaghava, 


gars ee CRM 
.* No commentator has pointed out just as the author has done, the particular works 
~ from which the different planetary places have been derived by Gaņeša Daivajfiya, 


** The period of 11 years gives a variable number of days ; and the author has so adopted 
the device that the error corresponding to this variation would not escape.. The explement 
of the plunet's motion in the cycle is given; if this explement subtracted from the epochal 
;Position and the motion for the ahargana added to the remainder, the mean position of the 
lanet for the given moment, 
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gives a value even more accurate than that obtained from other Karaņa works. 
making use of sines ; not only this, but in some cases it gives more accurate- 
vālues than those Siddhānta works which contain the values for 24 tabular 
‘sines. Gane$a has been on the whole, very keen on seeing that the calculations- 
at all stages would be easily done. 


It is true that because of this, certain results turn out to be somewhat 
approximate, but the other Karata works also do not fare any better in this- 
respect. In the conclusion Gane$sa remarks. 


qd Meat: Bag fare ga ads fua 
qd dad minita faea fe n 
fraia afad rast fgat «asī uut 
quat ate ARA fe 4 gad asata qat: ii 
Translation : —(not necessary, since the sense is given in the next para). 


The purport of these verses is Earlier and more advanced astronomers:' 
did their calculation work without chords and sines only in very rare cases, 
and still they boasted *on that account, why. then should not the writer (Gaņešā): 
feel proud like them, since he effected the whole calculation of the Siddhànta. 
work without sines and arcs ? But he ought not to boast because he obtained, 
this knowledge only from their works. ,Gane$a is right in claiming that he: 
incorporated in the Grahalāghava every subject dealt within the Siddhàntas, . 
and that is why, the Grahalāghava came to be known as *Siddhàntarahasya'^- 
A number of Karana-works have been found and many of them treat the: 
method of finding the true places of planets only. There are only three or: 
four works like the Karana-Kutühala which help in calculating most of the: 
items metnioned in the Siddhànta's but none of them is as complete and ex- 
haustive as the Grahalāghava. A commentary on this work was compiled: 
by Gangādhara in Saka 1508 by Mallāri in Saka, 1524 and by Visvanatha 
aboutSaka 1534, There are also some more commentaries on it. The author 
got at Bāršī a copy of the Grahalaghava written in Saka 1605. It shows that 
the Grahalāghava very soon came into extensive use, in the country. At 
present, they make calculations from the Grahalāghava alone in Mahārāstra,.. 
Gujerat and many parts of Karnatak. This very work** is used by the Deccanis- 
at Vàrànasi, Gwalior and Indore. This work appears to be in use in other 
provinces also. As the methods of calculation in this work are very simple 
and satisfy the needs of Siddhànta work, they verv soon came into extensive 
use Vai bē and it was also natural that thev eclipsed the earlier Karana. 
. works. 


PLANETARY CORRECTIONS 


_ The following table will show how the places of planets, true for the begin- 
ning of Saka 1442, and calculated from the Grahalāghava, are compared with - 


— 


*In the Adhiküra (Section) on Three Problems in his Karaņa Kutūkals, Bhāskarācārya: 


observes, 
"ala gd aala fair tagad faar aftrarad n $3 UU, 


“ this calculation of shaddow (chāyā udynti) has been effected without the help of sines and’ 
arcs". z 

** The Government Almanacs published at Indore and Gwalior are calculated with the: 
helf of the Grahalàghava and the Tithi Cintamani, and are used practically every where in the- 
two States. The Grahalāghava almanac is used in the major part of Hyderabad Deccan State.. 
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those calculated from the European works, the basis of comparison being 


theirr elation to the Sun. 


Planet x : 
Sun - E . . oo 0 
Moon . . . . . —0 2 
Moon's apogee +1 55 
Moon's node < . . —0 17 
Mars o . +0 44 
Mercury's Šīghrocca . * . : NB. +8 21 
Jupiter ,- A : , +0 58 
Venus's Sighrocca +1 22 
Satum  - . +1 29 


It appears from this that Mercury's place is very erroneous. The places of 
Venus, Saturn ard Moon's apogee show a discrepancy of 1? to 2*. Others 
show a difference within 1°. The Moon's place is remarkably correct. The 
place of the Moon’s node is,not very erroneous. Gaņeša's father, Kešava, has 
already mentioned in the account of his work, about his claims that he ascer- 
tained the place of the Moon and Rāhu from the Solar eclipse. lt appears 
that there is such a serious discrepancy in Mercury's place, because, Mercury 
is not easily observable as it is visible only for a few days in the year. Another 
fact that must be remembered is that the above errors occur in the mean places 
of planets. But only the true places of planets are found by actual observation. 
While considering Bentley's method, it has already been shown on page 30, 
that the discrepancy in the actual places of planets at the time of the Graha- 
lāghava might have been much less» It has been shown later on in almanacs 


what is the extent of error seen at present while calculating figures from the 
Grahalcgkava. f 


Gaņeša observes that the places of planets galculated from certain works 
tally with their observed places on application of certain corrections ; accord- 
dingly he has suggested a correction of 5? for Saturn's place, which is very 
excessive. Similarly he has proposed a correction of some minutes of arc 
m the case of other planets also. It is quite obvious, therefore, put forwarded 


the names of ancient works only by way of nominal support while recordiug 
the actual positions of planets in his own time. 


Kešava, Gaņeša's father had almost prepared the ground for applyirg 
Corrections to old works by taking observations, as he had noticed discrepancies 
In the planets’ places obtaired from the earlier works, and he compiled the 
Graha Kautuka accordingly; Gaņeša observes in Laghu Cintamani that he 
finally corrected the planets after observing the loopholes still left in that work. 
A comnarison of Graha Kautuka and Grahalaghava would confirm this state- 


“ment. In the Chapter on the risings and settings, in Grahalaghava, he 
' remarks :— 


gafat NARA: aat: CTT AAAA 0i 
zrraf QRAET AA AAT AAT Hb e «* 
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Translation :—(not necessary) 


In this he says that it was his experience that the moments of risings and 
settings of Venus are found to be true when the kālāmšas mentioned by earlier 
astronomers are diminished by two. All these things go to prove that he was 
himself an observer. One of the legends that has become quite current about 
him, says that it was not necessary for him to look to the ground, while walking, 
because his feet had got eyes. This is of course, an impossibility. Still it goes 
to show that his attention was always directed to the sky while walking. Another 
legend says that he was always found to be gazing at the sky while sitting on 
huge slabs of stone on the seashore. This was quite possible. Many such - 
slabs are found on the sea coast in Kankan and it is very convenient to take ` 
observations while sitting in such quiet places. 


Calibre 


Gaņeša was perhaps able to produce a work like the Grahalāghava which 
proved more accurate in the light of observation than Gráha Kautuka, because, 
his own experience was coupled with that of his father ; and although the 
methods described in Graha Kautuka are, in some cases, more convenient 
than those of Grahalāghava, still, in certain other matters, the Grahalāghava 
is found to be more convenient: Hence, Graha Kautuka may have gone 
out of use giving place to Grahalaghava. Considering all things Ī am inclined 
to think that his father was more competent than: Gaņeša himself. However, 
looking only to the utility of the works the Grahalaghava is certainly superior 
ea the experience of both father and son have been combined in that’ 

: WOTK. 
The Grahalighava contains chapters on the following 14 subjects:— 
(1) Mean places (2) True places (3) Places of five planets (4) Three problems 
(5) Lunar Eclipse (6) Solar Eclipse (7) *Masaganagrahana" (8) Approximate 
places of planets (9) Risings and settings (10) Shadow (11) Shadow of stars 
(12) Elevation of Moon's Cusps (13) Conjunctions of planets (14) Mahāpāta. 
They contain respectively 16, 10, 17, 26, 13, 13, 19, 8, 25, 6, 12, 4, 4 and 1 
verses in different metres and 187 verses in all. At present only these 1 
chapters are widely known. But the commentaries of Mallāri and Višwanātha 
contain a 15th Chapter of 15 verses entitled ‘Paficangagrahana’. Since the 
14 chapters already include 4 chapters devoted to eclipses, this must have been 
considered superfluous and allowed to be lost. Gane$a appears to have 
purposely sacrified accuracy in certain cases because of his tendency to simplify 
calculations and. hence, he has added two more chapters on eclipses (7th and 
8th) even when 2 chapters out. of 14 had been devoted to the eclipses of the: 
sun and the moon. The addition was altogether redundant. Grahalāghava 
appears to also have undergone certain changes in its different versions. In 
the copy of the Grahalāghava written in Saka 1605, which the author got at 
Barsi the 15th Chapter had been omitted while the chapter on 'Paficatará 
contained 3 more verses which discuss some points about planets’ risings and 
settings. These versés are not found in Vigwanatha’s commentary. Some 
verses show variations in readings. Again the Viswanāthī commentary 
contains somè verses which are not found in the copy ‘of the CIN et 
- printed by Krgņašāstrī Godbole. ‘A verse describing the method of calculating 

the moon’s latitude accurately is given in the Višwanāthī commentary and also 
in Krsna Sāstrī's edition, but it was not found ir the copy. obtained by author 
at Barsi. Different copies of the work give the sequence of certain verses in 
differert ways. It is found at present in the chapter on 'naksatrachāyā” a 


verse, attributed by Viávanatha to Nrsimha, nephew of Gaņeša, but it-is not 
to be found in the Barsi-copy. Anyway, even though there are some variations 
here and there, they have not giver rise to any perversion so far as the author's 
original metnods are concerned. 


Other works 


. ‘Among otber works of. Gaņeša that are useful for the calculatior of the 
almanac, Brhatcintamani and Laghucintāmaņi are particularly noteworthy. 
They are helpful in quickly calculating figures for tithi, naksatra, and: yoga. 
Jf tithi and other items of the almanac (paiicānga) were to be calculated by 


‘actually finding the true places of the sun and moon from the Grahalaghava, 


they would require unremitting labour for six months. If the tables prepared 
for calculating the mean and true positions of the sun and the moon are utilized, 


„even then one would take according to the author's estimate, about 24 days, 


-of ceaseless labour. But the work Laghucintāmaņi expedites the calculations 
to such an extent that the tithis, naksatras and yogas could: be calculated only 
in three days. The work can be finished still more quickly if the Brhatcint@mani 
is used. And inspite of this economy of labour, it is found by comparisor 
that the difference in ghatipalas as obtained from Tithicintamani and those 
calculated direct with the help of Grahalāghava, never exceeds 30 palas. I 
do not propose to describe the nature and scope of Tithi Cintāmaņi* for 
want of space. No such work was compiled by any one before Gaņeša 
Daivajiiya. The work entitled “Makaranda which has already heen described 
"before (page 127 ),. helps quick calculations ; but its method is somewhat 
different, and its date is Saka +1400, still, Gaņeša may not have even seen it 
-at all. : Hence, there is no harm in giving full credit for originality to the 


‘author of the Grahalāghava or having produced a work like the Tithi cintamani 


which is so very useful in calculation and which reduces ‘one’s labour to the 
‘barest thinimum. 


Impeachmeni 


Kero Laksmana Chatre has accused Gānņeša Daivajfiya in‘ the following 
works :—“He simplified calculations by employing easy devices...... but, 
becavse of this, the results became: approximate to that extent and this laid 
the foundatior of future erroreous methods...... Another result has been 
uq PE that the traoition of studying the Siddhànta works ard of taking 
:Observatiors disappeared and the astroromers gre deprived of the knowledge , 
of the basic astronomical theory**. There are also some otkers who accuse 
the author of the Grahalaghava in the same way. But while considering 
Gaņeša Paivajūya's work, itis no use accusing him for his approximate results 
by comparing his work with the modern European works. It should he 
considered wnat could be the best possible achievement with the mears avail- 
able in his time. Keropant Nànà ard other critics do not seem to have con- 
sidered this aspect of the question because there had been no means so far for 
Judging the question whether earlier authors of Karanaworks could secure 
greater accuracy than Gaņeša or what original work was*done oy him with 
regard to the taking of-observatiors. If tne value of his work from this point 


* Keropant has, in his tables of Planetary Calculations, described the method of calcula- 
ting tithi which is exactly the same as that given in Gane$a's Tithicintāmaņi. The undér 
dying theory has not been explained. But the author has, explainea, in an article in the 
iSsue of the Indian Antiquary for April 1887, the theory underlying every step of the 


` method together with an illustrative exa mple. 


**Introduction to Keropant's Planetary Tables, P-2. 
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of view be estimated there would be absolutely no room left’ for accusing 
Gaņeša Daivajiiya. Again, if less laborious methods yield the same results as 
the extremely laborious calculations gave from Siddhānta works, why should 
not such methods be accepted ? There is no harm in saying that Ganesa 
was not at all inferior to earlier astronomers in securing accuracy of results for 
any problem even while attempting to simplify the work of calculatior. Again. 
it will be seen from the relation which the author has so far traced between all, 

the siddhānta and karana works, that Keropant was wrong in accussing Gaņeša 
of having laid the foundation of erroneous methods. If he means to say 
that the length of the year (adopted by Gaņeša) was inaccurate, the error had 
persisted from the very beginning. The author thinks that there were very 
few astronomers among the predecessors of Ganesa in whom ingenuity and 
perseverance were so happily blended. 


B He was undoubtedly superior to Bhāskarācārya in the matter of observations.. 
Now-a-days the tradition of studying the Siddhānta works is almost lost. Not 
to speak of the Siddhānta works, one comes across very few astronomers who- 
have thoroughly studied at least the Grahalāghava in its entirety. But this is 
not the fault of Gaņeśa‘s works. Later history will show that he was succeeded: 
by many more astronomers who understood the secrets of the Siddhānta works, 
who themselves compiled the Siddhànta works and who were also observers.. 
Gaņeša himself has written a commentary on Siddhānta Siromani and Lilāvati.. 
As regards compiling a work on theory, the work was already done by Bhās- 
karacarya. It is of course true that he was not attracted to make new dis- 
coveries of the kind made ir Europe in his time, but it is not proper to blame: 
Ganesa Daivajūya on that account, for the zest for knowledge was, wanir g. 
among the people at large and, for several other reasons, the love of research: 
had very nearly variished. 


Commentaries 


There is a commentary on the Grahalāghava written in Saka 1508 by 
Gangadhara of the Tapar Village. Mallāri Daivajiiya wrote his commentary: 
in the year Saka 1524. It contains the astroromical theory. The Visvanāthī 
commentary belongs to Šaka 1534. It contains illustrative examples. The 
commentary is also known as ‘Udaharana’. The last two of these commen- 
taries are printed. Calculations are seldom made from the Brhat Cintámani 
because it contains too many tables ; for this purpose of calculation people 
prefer the Laghu Cintamani which is printed. It is full of figures and the 
errors in these figures which have been accumulating for generaticns have 
now grown to an enormous extent, Most of the tables have been corrected. 
There is a commentary, Subodhini by name, written on Brhat Cintamani by 
Vignu Daivajiia, which expands the theory. Cintamani Kànti, a commentary 
on the Laghucintāmaņi, is written by YajfieSvara, an astronomer. It contains. 
the theory. The commentaries on the Muhirtatatva and the Vivāhavrndāvana- 
have been printed.” Tarjaniyantra is a work meant to be used for ascertaining 
time. It is also called the Pratoda yantra ; it is commented upon by Sakhārāma. 
There is another commentary by Gopinatha, a resident of Samgamešvar. The 
name of Gopinātha's father was Bhairava and that of his grandfather was 
Rāma. This work will be further dealt with in the chapter on instruments. 


There are two other Gaņešas, different from the author of the 


Grahalāghava ; one of them is the author of the Tājak Bhūsaņa” and the other of 
the Jàtakalamkára. 
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A legend 


This account of the author of the Grahblaghava wilt be closed recounting a. 
legend after about him. Kešava, his father, once predicted the moment of an 
eclipse. The king of the country, who was a yavana, somewhat ridiculed him, 
as the prediction did not come true. Kešava was very much grieved over this. 
He, therefore, started a penance in the temple of Ganapati at Nandigrāma. He 
had grown old at that time. Looking to his sad plight and firm devotion - 
Ganapati told him in a dream that he (Kešava) would no longer be able to- 
continue the work of observing and rectifying the positions of planets and that, 
Ganapati would therefore himself come to birth as his son to do the work for 
him. Accordingly, a son was born to him, who was named Ganesa. People 
at present regard him as an incarnation of God. Two more stories about. 
him have already been told. All such stories indicate the reverence for him. 
on the part of the people. If once an intelligent person comes to be regarded 
as divine incarnation, the feeling grows strong that his achievement can never: 
be equalled and this very feeling has been mainly responsible for the absence of 
discoveries in our country. 


His Descendants 


It appears that many of the descendants of Kešava and Gaņeša were also 
scholars. Ananta, Gaņeša's younger brother, wrote a commentary on Varāha 
Mihira's Laghujātaka, in ‘Jaya’ Samvatsara (Saka 1456), and Anantaclaims that 
it is shorter and easier than that of Utpala. Ananta had been guided in his 
studies by his brother Gaņeša. It appears from the Visvanathi commentary 
thai there was a commentary on Grahalāghava by Nrsimha, Gane$a's nephew,. 
but it could not be procured any where. Ganesa had a son named Kešava, 
whose son Gane$a wrote Siromaniprakasa, a commentary on the Siddhānta: 
Siromani. It may have been written about Saka 1520. A later descendant 
in his family, namely Kesava, son of Rudra, compiled a work entitled Lagna-- 
kalà Pradipa, in Šaka 1629, the name of the samvatsara being Sarvajit. 


KALPADRUMA KARANA 


A reference to this Karanawork occurs in the commentary on the Karaņ: 
Kutühala, written in Saka 1482. The commentary shows that the Kalpa 
druma Karana was compiled by an astronomer, named Ràmacandra, and that. 
he has mentioned a correction to be applied to the Karana Kutūhāla. The: 
figures, indicating corrections known as *Rāmabīja” which have been mentioned. 
in the works of Dinkara and Šrīnātha to be described later on, are different from. 
those mentioned by this commentator, From this it appears that the Ràma- 


pU E mentioned in the works of Dinkara and Srīnātha must have been. 
ifferent. 


LAKSMIDASA —(Saka 1422) 


He wrote a commentary, known as Caņitatatvacintāmaņi, on the Ganità: 
dhyāya and Golādhyāya of Bhāskara's Siddhànta Siromani. It contains 8500: 
verses, and gives theory and illustrative examples. His gotra was Upamanyu ;. ` 
Vācaspatimišra, the name of his father; and Kešava, that of his grandfather. 
The Saka figure of 1422, adopted by him for the main example, has been taken . 
by him as ‘current’. The solved example on eclipse refers to the Kali elapsed. ' 
year 4599 (i.e. Saka 1420). The reasons which led him to compile the com-- 
mentary have been described by him in the following verse :— 
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Rafa Gaara: qaequrorrexaqur raaramfa: e 
giaa «far faan frosted afena fa ANRA: i 


Translation :— 


With a view to pleas& the scholars, being instructed by Nāganātha, requested 
by Devanātha, by Urvidhara, the younger brother and by all well wishers, 
the writer is making efforts to explain the Siddhāntaširomaņi. 


Laksmidàsa appears to have been a good poet. 


> JNANARAJA —(Saka 1425) 
GENEALOGY 


Rāma (of Bharadvāj gotra) 
Nilkantha 

s 

NN 

SS 

Nrsumha 

Naganatha Phuņdhirājaj 
Jüànaràja Gaņeša 


m —À —ÀÀ ——À — 


Sürya Cintàmani 
Nāganātha 
Gopāla (Jūānarāja) 
| 
U B 
Rāmchandra 
Vijūānešwara 
Purusottama 
| 


x diete 
Kāšīnātha 


Jūānarāja was born in a famous 
family of learned mea, which can boast of 
an unbroken tradition of scholar even to 
this day. A learned gentleman, from Bid 
in the Nizam State, and Kasinatha Sastri 
by name, once met the author at Bārši in 
Saka 1807. The author had taken notés of 
the brief history of his family which was 
told by Šāstrī. Finding that it agreed 
with the family history of Jūānarāja, he 
requested him by a letter recently (Saka 
1817) for further information. He sent 
him some additional information and the 
g2nzalogical tree. The genealogicai table 
given in the margin has been prepired 
by th: author on the basis of this 
information, and the note on Jnanaraja in 
the ‘Aufrecht’ catalogue, and also on the 
basis of the information so far gathered by. 
him. The names of only the first five 
ancestors of the family have been given 
from the Aufrecht's table. Even on this 
point the cross-references at three places 
in the catalogue showed some contra- 
diction. The author has not ed the names 
which seemed most consistent with the 
context. The first man, Ràma, noted 
in the list has been pointed out in the 
Aufrecht Catalogue as flourishing at the 
court of King Rama of Deogiri. fa the 
genealogical table, sent by Kāšinātha 
Sāstrī, the name of Nrsimha's father has 
been stated to be Daivajūarāja and the 
list begins from that name. It appears 
that Nāganātha or some earlier ancestor 
of the family might have received the 
title of Daivajūyarāja. The family history 
recorded below will show that in the 
list of ancestors sent by Kāšinātha Sāstrī, 
there must have been a break after Sürya 
or befere Gopāla. 
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According to the Aufrecht catalogue, Rama was a resident of Parthapur. 
Sūrya Pandit who wrote Amrta Kūpikā, a commentary On Bhāskara's Lilavati, 
has described his father and grandfather in it. He observes, 


sed aean aaa qae: 
ZIRGA TAA TT 1 

TATA TATA: Taal: sra mreatfire 
amema WW TATA faata: 11 % 11 


Translation : Ra asi a village situated on the northern bank of river: 
Godāvarī, about 2 miles away from the confluence of the Godāvari and the 
Vidarbha, there livēd a Brahmena astronomer, named Nāganātha, belonging 
to Bharadvāj Gotra.” 


In the comentary on Bhāskara's ‘Bija’ he observes :— 
mAai A anea TAT GHI... 
Tala mag anfa aaia feud | 
MILII EXE L CARE siaaa: 1 


Translation :—(not necessary, since it Carries the same sense as the above 
verses). 


We find at present, a village named Pathari near the north coast of Godavari 
and about 70 miles to the east of Paitana. This is the same as pārthapur: Īt is 
about 85 miles to the S.E. of Deogiri (Daulatābād). The river Vidarbhà was 
probably known by another name Mangalà. The above description shows that 
this Parthapur was about 2 īniles to the N.W. of the confluence of this river and 
the Godavari. Kamalakara Daivajfiya says while describing Pathari (See note on 
Visnu later on) that the city was located in the Vidarbhā country, and it was the 
capital city of kings and was situated 16 yojanas to the S.E. of Deogiri. Reckon- 
ing one yojana as equal to 5 miles, the figures 16 yojanas appear to be correct. 
Some other works written during this pertod have also named the country 
surrounding Pātharī.as Vidarbhā country. 


DATE 


The epochal positions which Jianaraja has given in his work, Siddhānta 
Sundara, are true for Saka 1425. This was evidently his date. Assuming 30 
years for each generation, the date of Rāma, the first ancestor in the genealogical 


table comes to about Šaka 1215, and it agrees with that of king Rāma of 
Deogiri. 


Jūānarāja has written a work on astronomy, called Siddhānta Sundara. I 
have seen the main parts of Siddhānta Sundara, viz., Goladhyaya and Ganita- 
dhyāya. (Book No. 4350 in Ānandāšrama). The Golādhyāya i in it contains 6 
chapters: *Bhuvanakoša”, *Madhyagatihetu, *Chedyaka', 'Mandalavarnana', 
Yantramālā and ‘Rituvarnana’. 1t contains respectively 79, 30, 21, 16, 44 and 
34 verses. The Adhyāya-on ‘ganita’ (mathematics) contains the following 
Adhikāras :— Mean places, true places, three problems, probability of eclipses, 
lumar eclipse, solar eclipse ; risings and settings of planets, shadow of stars, 


` 
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elevation of Moon's cusps; planetary conjunctions and Mahāpāta. They 
"contain 89, 48, 43, 7, 40, 16, 19, 20, 18, 10 and 11 verses respectively. The 
Siddhànta Sundara has a commentary compiled by Cintamani, the son of 
Jūānarāja ; and a reference at one place in it indicates that the Sundara Siddha- 
nta contained algebra also ; but the author has not seen it. Sudhākara *Dvivedi 
says that it resembles the portion on *bijachayaà' by Bhāskara, and that the 
aphorism ‘‘sarupake varnakrtitu yatra meaning “has been refuted, in it”. 


The Siddhānta Sundara, follows the modern Sūrya Siddhānta. Like a 
karana work, it gives the epochal positions of planets and annual rates of 
motion for finding the planets’ places. The epochal positions are true for 
Saka 1425. The moment for which they are true is not mentioned. , But 
the author has found from actual calculation that they have been caiculated 
for the moment of 56 ghatis 39 palas after sunrise on Thursday, the 8th lunar 
day of the bright half of Āšvin in that year. These positions and the rate of 
yearly motion of the planets, completely follow the modern Sūrya Siddhanta. 
The epochal positions appear to have been given for an odd moment. But 
the mean longitude of the Sun in it is 6° 0^ 14’ 17", which shows that it is true 
for a moment exactly 15 ghatis after the mean Libra Ingress. From this, 
his object seems to give the positions for 15 ghatis after the mean Libra Ingress. 
A correction to planetary places has been mentioned in the chapter on mean 
places. : 


AIAI $5oooo fra esWedseHaer ATIF Hi 

qaal % urga: 3 fry We gelga qund: 22 AAPA: 30 THF to 

dfegfW: 3 n c3 1 

sa & AATE $oooo WAMAAT: aduttradtsmT: vx qeu: 1 

RMA Tela THE ST ATATATTAT4 Ud TT: di av d 
Translation :— 


A correction for the modern Sūryasiddhānta has been mentioned before ' 
page 45 ); this is 30 times that correction ; otherwise it is the same as that 
one in all respects. The correction to be applied to the Sun according to the 
figures given on page 45 comes to 6"only. This is negligibly small. Damodara’s 
correction, as mentioned by Jüanaràja in the case of the sun, for the above 
mentioned year comes to 3'. This appears to be a more probable correction- 
figure. If the reading 'bhagadi' given in the 7th verse of the chapter on 
‘Bijopanayana’ in Sūryasiddhānta, be changed to *Rāšyādi”, the correction 
mentioned therein would exactly agree with that given by Dāmodara. The 
reading 'bhāgādi” seems to be the copyist’s error, and one is led to infer that 
the correction given in the  Sürya-Siddhànta ( page 45 ) owes its origin to 
Dāmedara himself. The annual correction to be applied to the sun's place, 
as mentioned by Dāmodara, comes to +1/25". This reduces the length of the 
solar year by 2".-26?" -6P»" (vipalas etc.) that is, the length of the year, 365%-1 55t- 
31?-31"?.-24P? becomes 365*-15*h-31P-28"-57?"-54"Pv, The account of one 
Dāmodara who lived about the Saka year 1339 has been given before, on page 
125, and he must be the same as this very Damodara. 


Jiiāānarāja does not appear to have mentioned the ayanāmšas of his time. 
He has simply explained the term ‘ayanamSa’ as the difference between the sun's 


*Sudhākara Dvivedi, teacher of Mathematics at the Sanskrit College, Vārānasī wrote a 
book entitled, Ganaka Taraņginī, in Sanskrit in Saka 1814 has been printed. See page 56 of 
the book. The book contains an account of astronomers. 
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position calculated from the shadow cast by the, noon sun and that obtained 
from ‘calculation’ based on a Karana work. The annual rate of equinoctial 
motion has been said to be 1'. He has also given the method of finding 


ayanāmša as described. in the Sūrya-Siddhānta. The rate of annual motion 
when calculated by it comes to 54”. 


Jūānarāja, after mentioning the opinion of the Srutis and Purāņas about 


the increase and decrease of the moon's digits, observes, in the chapter on the 
elevation of the moon's cusps :— 


qq KU: qua SET Ta eas Hal: FAN 11, | 
fadsfad d wm ze usu 


Translation :— 


“The sun's rays themselves are known in the Vedas as Gods. They 
gradually add the objects to and carry them away from the moon in ihe bright 
and dark half of the month." i 


The Sundara-Siddhànta gives nothing new as established by observation. 
Some explanations of theory, however, are different from those of Bhaskara. 
The chapter on Yantramālā describes one new instrument. There is no harm 


in saying that the work Siddhanta-Sundara is on the whole beautiful as the 
title suggests. 


Other Works 


Sürya has recorded in his commentary on Bhāskara's Bijaganita that 
Jūānarāja has, in addition to the Siddhànta, written a work, on each of the 
following subjects ; astrology, rhetoric and music. 


Account of Descendants 
t , 

An account of his descendants Phuņdhirāja, Gaņeša and Sürya has been 
given for each separately later on. It has been already mentioned before, 
that Cintāmaņi wrote a commentary on Sundara-Siddhànta. Here the 
author gives an account of some of the remaining descendants on the basis 
of the information supplied by Kāšīnātha Šāstrī. It is not known when this 
family shifted from Pātharī to Bid for permanent residence. Bid is a place 
about 50 miles to the W.S.W. of Pātharī, and about 60 miles to the South 
of Daulatābād and 50 miles to the S.E. of Paitaņā. Nāganātha has compiled 
a commentary named Narapati jayacarya. Purusottama has written Kešavī 
Prakāša and Varsa samgraha, two works devoted to astrology and written 
another work entitled Datta Kutühala. He writes in the KeSavi Prakasa that 
Rāmacandra was proficient in the science of astrology and that Vijfiane$vara 
was a scholar of logic, grammer and astronomy, and was honoured by king 
Bāji Rao. This Bàj Rao was the last Pe$wa (Saka 1717 to 1739). Kasinaha 
Sāstrī is still living and he is a scholar of logic, grammer and astronomy. He 
is the highest officer at Bid. He is very much honoured in the Hyderabad 
State. He has been honoured by the Šankarācārya of Hampi Virupaksa, 
who conferred on him the title of Siri Cidamani. He has complied a work 


entitled Nyāyāpota and is engaged in writing the work Sri Devi Bhāgavat 
Cūrņikā, of which he has compiled five chapters. 
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' Sūrya (Birth Saka 1430) 


He was the son of Jūānarāja, the author of Siddhànta-Sundara. He has 
written a commentary on Bhàskara's ‘Bija in which. he has called himself? 
Sūryadāsa and the work, Sürya Prakāša. He has stated that he wrote the 
commentary in Saka 1460, that isin his 31st year. From this, his birth year 
comes to either Saka 1429 ‘or 1430, This commentary contains 2500 verses. 
At some places he has given his name simply as "Sürya". He has written 
a commentary, Ganitümrta: Kūpikā on Bhāskara's Līāvatī. It belongs to 
Saka 1463.. The theory in it has been explained by numerical quantities, 
and regarding the work Līlāvatī as a poem, he has given several interpretations. 
of some of the verses in it. This commentary contains 3500 verses. Both 
"these works have a verse given at the end which cites the names of eight works 
written by him. They are :— : l 


Lilāvati Tikā, Bija Tikā, Sripatipaddhatiganita, Bijaganita, Tājikagrantha, 
Kāvyadwaya, and a work on metaphysics entitled Bodhasudhākarā. The 
fourth, of these, Bījagaņita, is his own independent work. The-title of the 
Tàjika work is Tājikālankārā. There is a copy of the work in the Deccan 
College Collections. This copy also contains the above mentioned verse, 
though the word 'Kāvyāstaka” iš found there in place of ‘Kavyadwaya’. 
Even the information sent by Kāšīnātha Sāstrī reveals that Sūrya Pandit , 
compiled *kāvyāstaka” and the names of the 8 works are given thus. *'Padyà- 
mrtataranginr ; Ramakrsna Kavya, Sankarābharaņa, Nrsimha Campu, Vighna ' 
Mocana, Bhagavatigita etc. The poem ‘Ramakrsna Kāvya” is well known 
and its verses are capable of doubie interpretation, one of which applies to 
Rāma and the other to Krsņa. : à 


Colebrooke *writes, “He (Süryadasa) was the author of a complete commen- | 
tary on the Siddhānta Siromani, and of a distinct work on Calculation, under 
the title of Ganitamálati and of a compilation under the name of Siddhānta- 
Samhita-Sár-Samuccaya, in which he makes a mention of his commentary 
on. the Siromani". These three works have either been included -in the 
above-mentioned verse enumerating his works, or in the information sent by 
Kāšīnātha Sàstri, nor have they come to the authors’ notice. The Aufrecht 
eatalogue recording the names of works written by Süryasuri or Süryadàsa or 
Sürya, include the names of the above three works, and most of thé works 
mentioned earlier, and also the following additional works :— 


Graha Vinoda, Kavi Kalpalatā Tika, a commentary on  Bhagavadrta 
entitled Paramārthaprapā Bhaktisata ; vedanta Sata Sloki Tika and a commen- 
tary on Amaru Sataka, named Šrmgāra Tarangini. 


On the whole, it seems that Sūrya had been a very great scholar. He 
was fully justified in speaking of himself in his gaņitāmrtakūpikā as ‘a worthy 
pilot on the ocean of mathematics, an expert in prosody, rhetorie and music, 
and can adopt ‘in high-class literature” In the work “Ganitamrta Kupika 
he makes the following statement about himself :— _ , ; 


“Aham Sūryābhidhānah Kavih swhpradnyāpariņāmatah — Lilavatim 
vyākhyātum vihitadarosmi’’. J 


*Miscellaneous Essays, 2nd edition, Vol. IL, p. 251. I have stated on pagel44, on the basis 
of Colebrooke's statement, that Sūryadāssa's commentary on Lilávati belongs to Saka 1460. 
But that is a mistake. I got the correct information, about Sūryadāsa after that page was 
printed. The Saka should bo 1468. 
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Translation :— 
“J, Sūryadāsa, have ventured to write a commentary on Lilāvati, on the 
strength of the intellectual power possessed by me." He further adds, 


fter drāmas mam tas maa ta qua TAs AAT Ta N 
qedugnr tiraniak rer fatera gatafazagued |1 


At the beginning of his commentary of Bija, he remarks. 
Tae HHT MARTE WAHT HAN TAA TSA AIT TRE: N 
aa islanan (?) aaaea 
q dā faaam ĀTATTUS TE 11 R 11 


Still, at the end he observes, 
qepr (ATT) Adata, gaaaf sra ATT 1 
dā gdsala Gafaricaaraned: afa n 3 nl 


It appears from this that though he acguired knowledge from his father 
Jüanaraja, his work was mainly the outcome of his own intellectual wealth. 


ANANTA —1447 


He compiled *Anantasudhārasa”, a work on the calculation of the Paūicānga, 
in Saka 1447. It follows the Süryasiddhànta. Ananta remarks in the 
beginning. 


geaman «WT TAT p KTI quu ARNAT: N 


From this, the name of his father appears to be Šrīkānta. The author, 
has not seen the work himself. He has stated this from (the information 
given in) the Ganakatarangini by Sudhākara. Sudhākara says that it was a 
Work consisting of tables and that, Nārāyana was the author of Muhūrta- 
martanda, his father's name was Ananta, and Ananta's father’s name was 
Hari (see the account of Gangādhara, Saka 1502, given later on) and Srīkānta, 
the name of the father of this Ananta, also is an epithet of Hari, and the dates 
of both of them appear to agree. From this, he (Ananta) seems to have been 
the father of the author of Muhürta Mārtaņda. But there is a commentary, 
Sudhārasakaraņacasaka, on Ananta's ‘Sudharasa’, by Dhundhiraja, and accord- 
mg to Aufrecht's catalogue, a part of this work called grahanodaya is in the 

ibrary of the Sanskrit Pāthašālā at varanasi. 


f From this it appears that this is a karaņa work.containing tables useful 

„OT Paficānga calculation. An account of the family occurs at 2 or 3 places 

in the works compited by Narayana, the author of Muhūrtamārtanda, and 

bY Gangādhara, his son (Page 150. It is mentioned every where that Hari 

18 the name of Ananta’s father and not Srikanta. They give much information 

about Ananta but nothing about his works. This leads the author to doubt 
this Ananta was really the father of the author of Muhirtamartanda. 
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PHUŅDHIRĀJA 


From the family history given by him in his work, Jātakābharaņa, and 
by his son Gaņeša in his work ‘Tajikabhisana’, it becomes evident that he 
was the resident of Pārthapur (Pātharī), situated to the north of Godāvari, 
near Devagirī (Daulatābād). Hehas stated Nrsimha to be his father's name. 
The author has, on the basis of the genealogical table sent by Kāšīnātha Sastri, 
recorded him as the son of one Nrsimha whose name appears in the genealogical 
tree, printed on page 140 in his account of Jiiānarāja. From this, Phuņdhirāja 
would be the uncle of Jiiānarāja, the author of the Sundare Siddhànta, But 
Phuņdhirāja has offered salutations to the preceptor Jitānarāja at. the beginning 
of his work Jatakabharana. This leads one to suspect that Jūānarāja, his 
preceptor, might have been different from the author of Siddhànta sundara, 
or,else, Phuņdhirāja might have been the son of some other Nrsimha of the same 
family. Phuņdhirāja has written a commentary 'Sudhàrasakaranacasaka', 
on Sudhārasa, a karana work, by, Ananta ; similarly, according to Aufrecht 
Catalogue, the works, Grahalāghv2-Udāharaņa, | Graha-phalopapatti, Pafícan- 
gaphala, and Kundakalpalatà, were compiled by him. If this Dhundhiràja 
be the same person as Phuņdhirāja, the author of the Jātakābharaņa, his date 
must have been later than Saka 1447. Visvanātha (Saka 1551) has referred* 
to the Tajikabhüsana by Gane$a, son of the author of the Jātakābharaņa. It 
follows from this that. the date of compilation of the Jātakābharaņa must 
have been earlier than Saka 1500**. 


Phundhirāja's work Jātakābharaņa, is very famous and it is now printed. 
It appears from the Jātakābharaņa that Dhundhiràja's uncle compiled a work 
on astrology. The nam e of this uncle and that of his work are not known. 
Ganesa's work, Tajikabhüsana, is also well known. It is recorded in Aufrécht's. 
Catalogue that Gaņeša had another work, Gaņita Manjart to his credit. 


*Viávan&tha-remarks in his commeritary on the Tajika NilakanthM that tlie statement 
of the author of Tājikabhūaņa viz. '"Janmakàlanalinl............ “ is wrong; and this view 
i3 correct. 


**Further information was received from Kāšīnātha Šāstrī after 272 pages of the book were 
printed. Its summary is given below !— 


. *Dhugdhirāja carried on bis studies under the care of Jūānarāja himself. The Saka years 
of birth and death of the descendants, beginning from Sürya are as follows :— 
Sürya 1429-1510 ; Nāganātha 14 80-1537 ; Gopāla 1545-90 ; Jüànaràja, bitrh year 
1595; Rāma's death 1731; VijfaneSvara 1712-1769; Purugottama.1748-1799 ; 
Kasinatha, birth year, 1768. Nāganātha the son of Sürya had received the title 
*Raņašūra” from the Delhi Court. He compiled the work, entitled ‘Narapati- 
jayācārya,” Kāšīnātha Sàstri received the. title Sūricūdāmaņi in Saka 1813 
“Instances are found in which tbe uncle is younger than the nephew; and 
hence it is not impossible that Dhundhiràja studied under the care of Jitānarāja 
and in that case the date of compilation of Jātakābharaņa would ceme to 
somewhere between Saka 1430 and 1460 and that of Tājikabhūsaņa Saka 1480. 
Nāganātha whose name written below that of Sürya iu the genealogical table 
was Sürya's son; Gopālaand Jūānarāja are different persons, and there night 
have been one person each between Nāganātha and Gopāla and Gopāla and 
Jūānaraja (Otherwise, their date may be wrong). The author’ is not quite sure 
that the above-mentioned Saka vears are quite reliable. But in the absence 
of the correct dates he has notedthem here for what they are'worth. Nāganātha 
may have received the title of "Raņašūra” in the reign of Akbar or Jehangir. 
There is an ancient work, entitlee Narapatijayācārya, written in Šaka 1097 
and hence, I have presumed that Nāgnātha wrote a commentary on 
Narapatijayācārya, but it is not known if Nāganātha had actually written an 
independent work ef the sama title, 
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Ananta wrote a commentary on 'Kamadhenw, a work devoted to the 
calculation of tithi and other parts of the almanac ; and Ananta has written 
a commentary on it. The work, Kāmadhenu, was compiled in Saka 1279 
by Mahādeva, son of Bopadeva, a.resident of Tryambaka on the bank of 
Godavari. lt contains tables for calculating tithis etc. according to Brahma- 
paksa and Aryapaksa. The sons of this Ananta namely Nilkantha. and 
Ràma, compiled works in Šaka 1509 and 1512 respectively. From this, 
the date of Ananta's commentary on Kàmadhenu comes to about Saka 1480, 
The Játakapaddhati is an astrological work written by Ananta*. 


FAMILY HISTORY 


Rama, the son of Ananta has recorded his family history in the conclusion 
of his work, Muhūrta Ciniāmaņi, as follows :— 


ardtadgi atnfrrametgfēstāfga | aaaf aaa: nafaa ATT Farm: 11 
ATT aaa faasa wert | aatizgfadaaranfadvāfa: 
a faarafer: tl 5 tt 
Afa aama faianga Hal arena sft surafeqqr WASTE: ti 
at oat aaaf aAa aA qo er Aaaa Adaa t 
ASTES Ta faqadarera | magia gfe fra Uaa: n 
Poen at ass tad 922 1 um fate wu owgdfwarefu 11 you 


The author is giving his genealogical table below on the basis of „this 
account and from the history given by his descendants in their works. His 
gotra was Gargya. He was a resident of Dharmapuri, in Bidarbha, in the 
valley of the Godavari. Ananta left the place for Varanasi where he resided. 
His descendants also used to reside at Varanasi. 


Cintamani (Gārgya Gotra) 
Ananta (Padma his wife) 


| ; 
Nilkantha (Candrikā his wife) Saka 1509 Rama, 
| | (Saka-1512, 1522) 
Govinda (Gomati his wife) 
Birth Saka Ld 


Mādhava 
Saka (1555) 


* The author has not seen Ananta’s works but he has described lié: w vork ọn the basis of the 
accounts given (hs, his descendants and the Ga gnake Tarangiņī by Sudhakara, 


11A 


148 HISTORY OF ĪNDIAN ASTRONOMY 
History of Descendants 


From the áccount given by Rama and Nilkantha, Cintāmaņi appears 
to have been an astronomer and a great scholar. Ananta’s account has 
already been given above. s 


The name of Nilkantha's mother was Padmā. He has compiled a work 
entitled Todarànanda. Descriptions of this work occur in other works, from 
which it appears that the work contained all the three branches of astronomy, 
Ganita; Muhürta and Hora : and even Madhava, the grandson of Nilkantha 
has supported this surmise. The author of pīyūsadhārā (commentary) writes. 
that it treats the risings and settingsof planets in the chapter Candravāravilāsa 
and deals with Nyūnādhimāsa (suppressed and intercalary months) in 
the chapter called Kālašuddhīsaukhya. The author has seen a part of the 
book (No. 5088 in the Ānandāšrama) ; which contained only the section on 
Muhirta. It contains a large collection of excerpts from earlier writers. 
The number of verses in the portion seen by him is about 1000 ; it contains 
a chapter on pilgrimage only and that too is incomplete. It appears, therefore, 
that the work must have been very voluminous. It may have received the 
name Todarānanda after Todarmalla, the minister of Akbar. Nilkantha 
was a great follower of Mimànsà and a scholar of Sāmkhya Šāstra and as 

. described by his son Govinda, was Panditendra, (the leader of Pandits) at 
the court of Emperor Akbar. Nilkāntha compiled a work Samātantra, 
(Varsatantra), on Tajik which is also known as 7@ika Nilkanthi. The work 
is very famous and has been published along with different commentaries. 
Nilkāntha compiled it in Saka 1509. "Visvanatha has written a commentary 
on it with examples. It belongs to Saka 1557. The Aufrecht catalogue 
mentions the following additional commentaries on it :— 


The Dwighatika, another by Laksmipati and the third entitled the Sriphala 
cardhinī by Sri Harga. Other commentaries have been described below. 
Nilkantha has compiled a Jatakapaddhati, which contains 60 verses. Accord- 
ding to the author of the Ganakatarangini, the system (embodied in this work) is 
well known in the. provine of Mithila. According to Aufrecht Catalogue, 
Nilkantha has compiled the following astronomical and astrological works :— 


Tithi Ratnamālā ; a work on Horāry astrology entitled Prasna Kaumudī or 
Jyotisa Kaumudī ; Daivajfia vallabhya and a commentary or Jaimini Sūtra 
called Subodhini. From the same catalogue it appears that Nilkantha 
- also wrote commentaries on Graha Kautuka, Graha Laghava, Makaranda 
and on a Muhirta work. l 


The account of Ràma will follow later. Govinda, Nilkantha's son, has 
written Piyūsadhārā, a commentary on Muhūrtacintāmaņi. Itis very extensive 
andfamous. Hecompiledit at Varanasi. īn that work he states that Mātrpur, 
in Vidarbha, was his place of residence. Perhaps, Dharmapur 
itself may have Mātāpur as its second name. Govinda was born in Saka 
1491. His mother’s name was  Candrika. He wrote the commentary, 
Piyūsadhārā, in Saka 1525. He also wrote the commentary, Rasālā, on 
Tājika Nilkanthi. It was written in Saka 1544. The commentary, Piyüsa- 
dhara, reveals great ingenuity on the part of Govinda. But while in his 
commentary on the 9th verse in the chapter on Samkrānti, he observes, 
«Eclipses are falsified if one follow the Sāyana system of calculation. A 
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lunar eclipse occurred on the Full Moon day of Vaišākha in Saka 1516 but 
it is not obtained by sayana calculation." This shows that he did not possess 
a profound knowledge of mathematics. In this attempt 'to show that the 
lunar eclipse was not predictable, he calculated the sāyana place of the Moon 
only, but he did not understand that the occurrence of the eclipse will be 
evident when the place of Rāhu also is found on sāyana basis. 


Govinda's son Mādhava has written on Nilkanthi a commentary known 
as "Sisubodhini Samaávivekavrtti." It contains examples also. It belongs 
to Saka 1555 and was compiled at Varanasi. Madhava has stated that his 
father Govinda, the author of the commentary Piyüsadhàrà, was honoured 
by Emperor Jehangir. 


The above description ‘will show that this family has produced a good 
many learned scholars. 


RAGHUNĀTHA (Saka 1484). 


Subodha Manjarī, a Karana work by Raghunātha may be seen in the Deccan 
College Library (No. 217 of 1883-4 A.D.) The epochal year of the work 
is Saka 1484. It follows the Brahmapaksa. The planets’ places are calculated 
in it from ahargana. The ayanāmša has been assumed to be zero in Šaka 
444. 


RAGHUNATHA (Šaka 1487). 


Raghunātha, son of Soma Bhatta, wrote a karana work, Manipradipa, 
in Saka.1487. He has remarked that "he was briefly describing the planets 
according to Sürya's views (i.e. according to the Saura Paksa), after consulting 
all works by Bhāskarācārya.” There is nothing remarkable in this work. 
The author has not seen it. These comments are based on the Gaņakatarangiņī 
of Sudhākara. 


KRPARAMA 


He has written commentaries with illustrative examples on Bijaganita, 
Makaranda and yantra Cintāmaņi: He has also written commentaries on 
the Sarvārtha Cintamani, the Paūca Paksi and, the Muhūrtatatva, and .there 
is also a work, Vāstu Candrikā, written by him. This information has been 
collected from the Aufrecht's catalogue. The date of Muhūrtatatva by 
Kešava is about Saka 1420. So the date of Krpàràma must be some year 
later than Saka 1420. 


DINAKARA 


The author has seen his two works, Khefaka Siddhi and Candrārkī, in the 
Deccan College collection (Nos. 303, and 308 of 1882-83). He remarks 
in the Khetaka Siddhi :— 


faar ga aaa ana: rita eafuzkmp ew uer ou HFA wi ATA AAMT 
fafz Ru 


The epochal positions are given for the mean Aries Ingress of Saka 1500- 
These positions and the motions (of planets) are in conformity with those 


computed from Brahma Sidģhāņta, together with;the corrections, mentioned 
Ey ns Aiempaa Jy WORE’ describes: on) the, method of fp ing the 
true places of planets, total number of verses Qn it) is 46. It appgars 


that. thé’, works used to be accompanied hy tables ; but they, were not fow 
in the copy seen by the author. But one cannot da. any calculation withou 
such fables. "Thé writer calls bri work Ļaghu Khetaka Siddhi which indicates 
that he may have written another work called Brhai Khetaka Siddhi. Some 
verses attributed to Dinakara are given in the commentary on the Mahādevi 
Sarani, but. they are not found in this work. This also lends support to the 
surmise about the existence of a larger Work. The writer has givén his own 
account in the words. 


ores afi efie e arti gT: t 
ardt smi aterert: at artomeā faraaifad wT 32 0 
aaa fare: MATA Geni rem aad fe vanam u 
ah b werfufa (400 afd wp «aq Fafa dau fud gaeaf 11 3*3 U 


Fhe Candrarki cēnsists of only 33 versés ánd deals only with the calcutation: 
of the true places of the sun alid moon. l ' 


This work also takes Saka 1500 as its epochal year. It appears that the 
work may have been accompanied by tables!giving. the equation of centre 
"for finding the true place of the sun and moon 3 and then these are to be used 

for calcülating- tit and other parts. From.this it appears that the Laghu 
oo ‘tables of Gartesa“Daiyajitya were fot in use in Gujerat in those 
jays. . e : Uam Ut : $ 

‘A-cortectiow stated to be in use in Gujerat is mentioned in both the. works. 
The same correction is found also in the Graha Cintāmaņi to' be described 
(on page 151 .) later, and in the commentary on the Mahddevi Sāraņī 
at some places, it is called ‘Ramabija’. 


^uo; GANGADHARA (Seka 1508) 
Ánantà" . In 


eign! Idi it 
Lāghava. Hg was the son of Narayana, the author of Mubürta 


1508 he wrote Manoramāy a commentary’ an Grahe 


Krsna [artanda. The  geneajoginal, table, given: in the margin,-5is 
ased on the information given by both the authors. The 
Hari Muhirta Martanda, was compiled in Saka 1493, and the author 
has given in it his family history. From this it is learnt that 

Ananta he was a Vājasaneyī Brahmana belongingto Kaušika gotra. 


, He' was a resident of Tāpar, a village Situated to. the horth 
Nārāyaņa of tlie famous temple of Siva (Ghrsņešvāra) which lies to the 
north of Devagiri (Daulatabad), and his ancestors were originally 

Gangadhara residents of Sāsamaņūr. There is a village, Verul, situated 
about 4 miles from Daulatābād, and the deity there is.at present 

known as Ghrgņešvara. Janārdana Hari Ātalye has published 

the Muhürta Martanda along with its Marathi translation. 

He writes in its introduction that, on enquiry at the village 

„Tāpar and its.néighbourhood, he came to know that the despen- 

. dants.of the family of his meternal uncle only are now surviving; 


He has written a karana work entitled Rāmavinoda. It has adopteģ Saka 
1512 as thé epochal year, and the léngth of the year, the epochal positions and 
motions of plahets, are based. or thé modern Sürya Siddhānta. The corrections 
to be applied to planets’ motions are: the same as those mentioned before 
(page 45) Under-orders o f Sri Maharaja Ràmadasa,;a minister of Akbar, 

ama Bhata compiled* the Rāmavinoda in year 35 of the Akbar era 35 (i.e. 
Šālivahana Saka 1512). 1t contains 11 chapters and 280 vetses. Vi$vanàtha 
has written an illustrative commentary on it. Rama has compiled a smali 
volume of tables devoted to the calculation of tithi's etc., containing 17 verses, 
which form a part of the work ; and Sudhakara Dwivedi says, that people on 
Jaipur side compile their almanacs with the help of this work, - 

His well-known work Muhürta Cintamani was written in $ska.1522. It 
was compiled at Varanasi. The author himself has written acc mentary on it 
entitled 'Pramitaksara. In addition to this there is the femovs ccn mentary, 
Piyūsadhārā, on it, written by his nephew Govinda. Both these ccxmentaries 
have been printed. 


His family history has already been given (page 147 ) under the account 
of Ananta. 


SRINATHA (Šaka 1512) 


He wrote a Kararla work, named Graha Ciničmani in Saka: 1512. It 
describes the method of calculating planets’ places from * Varsagara’. : The work 
appears to have been accompanied by tables. They were not found aleng with 
the copy seen (Deccan College Collection No. 304 of 1882-83). The work is 
of no use without them. The work neither gives any epcchal pcsitions nor 
any clue to ascertain the school (paksa) to which it belongs. The work has two 
chapters and even includes the section on astrology. The name cf Srīnātha's 
father, was Ràma** and that of his elder brother, Raghunàtha. 


VISNU 


There is a well-known village named Pātharī in Bidarbha. “It has already 
been described on page 141. There isa village Golāgrāma;. néar the northern 
bank of the river Godavari and 2% yojanas (about 20 miles) to its west. A very 
well-known family of scholars lived in that village: “the famiiy shifted to 
Xd later on. ft produced a number of authors and Vighu was one 
of them. 


_ Hecompiled a Karana work. Ft has adopted Saka 1530 as the epochal year} 
it belongs to Saurapaksa. He has in addition written à commentary named 
Subodhinī on the Brhat Cintamani byGaņeša Daivajūya, the author of the Graha 
Laghave. Yt explains the theory also. The study of such commentaries proves 
very useful for the compilers of new works on astronomy. His brother Visva- 
nātha has written an 'lŅdāharaņa” on his Karana work; In his Muhurta 
cudāmaņi, Siva informs that Visnu was the 'Jagatgurw (world teacher) In 


t 


p * According to Dr. Bhāņdārkar (Repert on the search for Sanskrit Manuscript 1883-84, 
age 84) it was compiled in Saka 1535 ; but that is an error. 


**Prof. Bhandarker remarks thet this Rima may probably be ‘the same as Rima, thé 
n or of Muhürta Cintāmaņi (Report on the search for Sanskrit Manuscript 1882-83, page 88). 


But the account of Ráma, the author of the Mukirta Cintamani , giveu above, will show that 
It is an impossibility.. 
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addition to this, some more account of the author will be found in the following 
verses by Višvanātha. 


The famous commentator Višvanātha, and Kamalākara, the author of 
Siddhànta tattva were born in this very family. The following verses appear in 
a detailed account of his family given by Kamalakara :— 

aaa uTdfqvuu YolRo Megqaigached w <ferreat || 
faratarafaurrae st a me affa ATFAT 11 % 11 
qagan. %4 ID: ARTA TSITPESENTWRT di 
feiau VAT T KK TeMASTAET 1 R N 
qatg fafaa ga atif x 11 ge fne ates (| 
aftgrattafa ča Tal AT TAAATA TAT AfTZT i 3 11 
AT: qut Kadett ATAKA TTT AKTS: 11 
THT MA TRGTTATEAT TH TTT TAT ET WT 11 Y |i 
DHCHE ESESEEDISEAEE TOU MESE ECC HUE EE T N 

fast gm ela seat at NENIĒATATA: || v 1 
ada dveifaaararāgrataifanna fagor: waa: 1 

aar gar Afaraig aaa TAT Us d 

Translation :— 


(1) On the northern bank of Godavari is situated the fortified town called’ 
Devagirī, whose latitude is 20?-30'. 


(2) The city of Pātharī, which is 16 yojanas from this town and in S.E. 
direction is the capital of Vidarbha and is situated in the middle of the country. 


(3) Ata place, a little West to this city and about 2% yojanas away, is a spot 
on the bank of the Godāvarī, where the river Ganges is regarded to have come 
to stay with the request of Gautama. 


(4) On the northern side of this river there is a village named "Gol" and on 
the southern side is a village named Purusottama, the river flows between the 
two. 


(7) There lived in the village of Gol, on the northern bank of Godāvari, a 
Mahārāstriān Brāhmaņa, named Rāma belonging to Bharadwāja gotra. 


(8) His son, Bhattācārya became very famous as a scholar of astronomy 
and he (Bhattācārya) got a son, Divākara, by the favour of God Gaņeša 
whom he used to worship. 


Rama was an astronomer ; Bhattācārya was a follower of *Mimāmsā 
and a logiciar. Divakara was a great astronomer and a disciple of Gaņešā 
Daivajiiay, the author of the Graha lāghava. Such is the information that oné 
can gather from the family history writter by Vi$vanatha, Nrsimha, Mallāri 
and other descendants of his family. 


.  Divàkara had five sons. Visvar atha has paid a fine tribute to their erudi- 
tion and character in his commentary on Tājika Nilkanthi. Višvanāthā 
himself was the yourgest of the five. The description runs thus :— 


featact ATA aya fag fears feris aa 11 
raafeutda Prata dacisreferrfasaud 11 R n 
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RAN: da Tal ga: dast TfUTTTHS 11 
Tara afara A Tac fanin x 11 3 11 
SATA KATATAT vHsexdui afaseīai t 
faamaaa Fat up eUTSSRTCXSNT: 11 Y 11 
AAS: af! fafaga eat ATT a- 
seifa aaaeeeaa aer fra: wher: 1 
facra agda afn afnadfa tat 1 
qeereqraerdtaafaqureddgr WATT 11 4 1 
ardtaifagardarmramramamitarda EST. 11 

AAT AKTU AKTA HEATCAT ST: M 
mafatia essrererfasa mif ATT 1 
aaa Saa afr farsu fasiaarat 11 & 11 
TAIT: IINE SIR STER: d 
aaa Ta A rada SITIS. Halfaaray wo 11 
TTT: data faga at FaSvpraTa Taura TA A89: 11 
aiaa amaaan afar: aafaa: 11 5 Ni 


Summarized translation* : — 


(2) Divākara came to be regarded as an authorrty in astronomy, and was, 
like the ‘diwakara’ (sun) who envelopes the whole universe with his rays, described 
the construction of the universe by compiling various astronomical works. 


(3) He had five sons, who were like five Indras in the subject of astronomy, 
or like five lions defeating the opponents or like five sacred fires on account of 
their pious behaviour. 


(4) He gave birth to Krsna, the eldest of the fives who became famous 
because of his faultless knowledge. 


(5) The next son born, was Visnu, who had attained such superiority of 
intellect, that his disciples, along with their disciples, could defeat their oppo- 
nents in discussions on astronomical topics. 


(6) The next son, Mallāri, became very famous because of his knowledge of 
arithmetic, algebra and mensuration. 


(7) His younger brother, named KeSava, was still superior in so far as he 
compiled siddhanta works. 


(8) His younger brother Visvanatha, who got his education from Nrsimha, 
became a scholar of all šāstras including astrology and astronomy. 


* In translating these verses, the author) has omitted the translation of various lengthy 
poetic epithets used for the astronomers simply for the sake of composition, since these bave 
netbing to do with the history of astronomy. 


f 
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The following verses by Kamalakara which „follow those given ‘above 


state the history of this family as follows :— 


remade faar sf zenaas fe shes N edu 
Ta aattafaat afee plage aiia: 11 tei 
aaa dara a owTeared aaan fg tt 

ead gg gadaa gt Gama 1 tii 
aang dag galda equdsequufedmeTeTm tt 
aiaa TST: TASIAAT ARTA ATH TSS 11 22 1 
qaaa qaifaqu: RATE: u 
amaaa gaama fra ATG it 23 
Wang $uco gka faaata ARa «uu N 
aniani THT TA uv i 


Translation :— 


(9 & 10) This talented Divakara had a funous son, the astronomer 
rikrsna, who, in his turn gave birth to a son, Nrsimha, who was well versed in 
the knowledge of the ‘sphere’ and honoured by astronomers. 


(10) He compiled a commentary on the Siromani; and one on the Sūrya. 
šiddhānta and a work explaining the sphere and motions of planets. (11 to 14). 
His (second) son Kamalakara who got his learning from his learned elder brother 
Divākara, who was his preceptor*in the astrology,. compiled the above 
mentioned works on astronomy, including the new theory of spherical areas. 
This work was intended to be a standard work, explaining all theories. about 
'gol.and siddhānta and was named. 'Siddhànta, tattvaviveka'. He compiled. 
this siddhānta work in the Šaka year 1580, at Vārānasī which is situated on the 
northern bank of the river. Bhāgirathī (Ganges). " 


The genealogical table prepated' from this desiriptidn and other infor 


. mation, is given below :— - 


Rama (A Maharastra Brahmanm of pk Gb ad. and E «S 


Bhattācārya 
Divākara PM | "E "E 
ESAE: mamutu uj iesita ij, "< , d 
| : WE zi "n 
Krsna. > Visņu Mallāri . . Ke$ava Visvanatha. 
| : , ES ` = : 
Nrst Y 5i 
rstma Ms Siva 


om Saka 1558) 
ne À | | i 


Divākara Kamalākara Gopinatha Raneanatha 
{Birth Saka 1528) P a angana 


——— 


*Siddhānta Tattvaviveka, page 407/8, printed at Varanasi by Sudhākdrā Dvivedī, 


Nrsimha, the son of Krsna has written in his commentary on the Sürya. 
Siddhanta that Krsna, the eldest son of Divakara compiled a wotk on algebra ` 
in ‘Sūtra’ (aphoristic) form. The Muhürta Cidamani,.a work by his sop, Siva, 
and the works of Divākara, his grandson, go to show that he (Krgņa) was a. 
seer, that he had received honours at the king's court and that he wrote works. 
on other sciences also. According to Aufrecht Catalogue, Kešava, a son of 
Divakara and uncle of Nrsimha, compiled a work entitled 'Jyotisamaņimālā” 
in 1564 A.D. (Saka 1486). He appears to be Kešavā cf this very family, as the: 
name suggests, but his dáte does not agree with the established dates of Mallāri 
and Visvanatha. A description of other persons of this family has been given 
further on. 


Mallāri has stated that his family deity was Mallari. In bis commentary on. 
Siromani, written in Saka 1543, Nrsimha states that Divākāra died at Varanasi. 
He was the direct disciple of Ganēša Daivajfiya, and from this it seems that he 
must have been in South India till about Saka 1500. he works compiled by 
the members of this family after Saka 1533 were written at Vārānasi.. From 
this it appears that this learned family shifted to Varanasi within 25 to 30. years. 
after Saka 1500. None of them seems to have received actual patronage at 
the Delhi Court ; they are, however, described as being honoured by kings. 


MALLĀRI 


Mallari was born in the famous family described by Visnu above. He has: 
written a commentary on ;the Grahalāgava. He has described in it the date of 
this commentary in a strange way, thus :++ 


anù 4 ataa: GA 1% fugare fu ara: «ga 
am xa a eaihad vo fadfafawgenr «aw fafa: n 
qur: eaaa ta: arestam tuvo 
qed THe free a Tat ERST qur fent 1 


Translation :—The astronomer, Bala, wrote this commentary in.the Saka 
year, denoted by 1547 diminished by the sum of the numbers denoting the 
month, the nākgatra, the day of the week, the lunar day, and the half month. 
The month was the number Which is the square root of “the curtent Saka year 


524-5 , | 
reduced by 5 and divided by 31" i.e. VS PR a V9 = 7. The n&ksatra 
was equal to the month plus 5 i.e. 12th. -The day of the week was equal to the 
naksatra reduced by 10, hence 2 or Monday ; the lunar day was the, Ist and 
Paksa was thé 1st". 

From this itis proved that an astronomer named Bala, wrote this comme n- 
tary on Monday, the Ist lunar day of the bright half of Ašvin in Saka 524, the 
naksatra being Uttara. This must be the date of the commentary alse, because 
it agrees with that of his brother Višvanātha. 


Mallāri has explained the theory of Grahalaghava ir the commentary. The: 
task of explaining the theory of a work like the Grahalaghava cap. be said to be 
even more difficult than that explaining the theory of a Siddhānta work. But 
they accompanished the work with great success... 


*1524+7+1+1+ 2+ 1251647 : 
Šaka4 month-+ titbi--pakga4 day of the week--nakgatra. 
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VISVANATHA 


He was a commentator like Bhatotpala. He was the son of Divakara of 
Golagrama. His family history can be found from the account given by Visņu, 
He has recorded the date of his commentary on TajakariJkanthi, as below :— 


«zara ma fuu sif grad aafaa uu 
aria adaa faeqearafagu aafia ji 


Translation < 


“This was completed by Visvanatha on the 5tb lunar day of the bright half 
of Mārgaširsa in the year 1551 of the era of king Šālviāhana.” 


The author has seen a number of commentaries on the Nilkanthi, in many 
of these the above verse was missing ; it was found only in a few commentaries. 
It is an instance of how our people are indiffierent in the matter of specifying the 
dates of thecompilation of their works. There is absolutely no doubt about this 
Saka. It authentically becomes evident from the references at other places in the 
commentary.  Vi$vantaha has written commentaries, consisting of illustrative 
examples, on several works like the Sūryasiddhānta. For the main example in 
them he has adopted Saka 1534 as the year, but has incidentally also, taken Šaka 
years 1530, 1532, 1542 and 1555. In the commentary on *Patasaranr, he has 
adopted Saka 1553 as the year for his example. In the Kešavi-jātaka-paddhati, 
he has adopted for his example Saka 1508. The birth horoscopes are cast with 
the help of the Jatakapaddhati. It would appear that Saka 1508 may have been 
the date of birth of Vi$vanátha and he appears to have compiled his works 
between the Saka years 1534-56. Ina line from his commentary on Grahala- 
ghava, (already given on page 131) he calls Gaņeša Daivajíiya his preceptor, but 
it is simply a matter of formality. It is like the remark by Dhanarāja, the 
commentator of theM ahadevi Sāriņī, who in his commetary written in Saka 1557, 


calls Mahadeva his preceptor, even though the Mahadevi Sāriņi was compiled 
in Saka 1238. 


Krsna $astri Godbole has given in the Grahalaghava three verses at the end. 
which state that, in order to ensure agreement with observation, Vi$vanatha has 
mentioned a correction to it 211 years after it was compiled. This means that 
ihe date of Višvanātha comes to Šaka 1653. But it is quite evident from his 
family history and his works that the date of Vi$vanatha, the commentator of 
the Grahalüghava, must be in the 16th century and not the 17th. The author 
has seen several editions of Vi$vanatha's commentary on Grahalaghava, but 
they do not contain these three verses. "Vi$vanatha, referred to in them, must be 
a different person. "Vi$vanatha Davajiiya Sangame$varkara, the son of Gopāla 
compiled a work entitled Vrataraja at Varanasi in šaka 1658. The above three 
verses may have been compiled by this Višnanātha. 


HIS WORKS 


VisSvanatha has written the following commentaries containing examples:— 


__(1) The Gahanārtha Prakāšikā Tika on the Sürya Siddhanta. In this, Vi$va- 
nātha writes, “I am elucidating the Sūrya Siddhanta, the commentary by 
Nrsimha may be consulted for its theory". Nrsimha wrote his *Saurabhāsya- 
commentary in Šaka 1533. From this it is evident that Vi$vanatha wrote his 
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Udāharaņa on the Sūrya Siddhānta after that date. The number of verses in 
it is 5000. (2) Siddhāntaširomaņi* (3) Karaņa Kutühala (4) Makaranda (5) 
Grahalāghava (6) Pātasāraņī by Ganesa Daivajnya (7) Anantasudhārasa* (8) 
Rama Vinodakarana* (9) the Karana work by his brother Visnu* (10) Kešavī 
Jātakapaddhati (11) Samātantraprakāšikā on Tājaka-Nīlkanthi. This belongs. 
to Saka 1551. The Aufrecht's Catalogue has mentioned the following additional 
commentaries on :—(12) Somasiddhànta (13) Tithi Cintamani (14) Candramà- 
natantra (15) Brhajjātaka (16) Srīpatipaddhati (17) Vasisthasamhita (18) Brha- 
tsamhitā. 


Vi$vanātha has added solved examples in the commentaries and hence. those 
commentaries are very useful for the student. Krsna Sastri Godbole has 
published a Marathi edition of Grahalàghava containing solved examples, which 
is for the most part, a translation of the Vis$vanathi commentary. 


Višvanātha has not given any theory in his commentary ; still the fact that 
he had a good knowledge of the astronomical science is evident from his works. 
He compiled all his works at Varanasi. 


NRSIMHA (Birth date 1508) 


He was the son of Krsna who was the eldest son of Divakara of Golāgrāma 
(page154). He was born in Saka 1508. He was guided in his studies 


biy his uncles Visnu and Mallari. He wrote a commentary on the -Sūrya 
Siddhànta entitled Saurabhasya in Saka 1533. It explains the theory and con: 
tains 4200 verses. His commentary on the Siddhànta Siromani named Vāsanā 
Vārtika was written in Saka 1543. It was also called Vāsanā-Kalpalatā and 
the number of verses in itis 5500. From both these commentaries it seems that 
he had a sound knowledge of astronomy. His son Divākara has written that 
he was very proficient in. Mimamsa. 


* SIVA 


_ Born in the family described in the author's account of Visņu (P. 154 ), 
Siva was the brother of Nrsimha and son of Krsna. His birth year may have 
been Saka 1510. Sudhākara states that he had written a commentary on 
Ananta Sudhārasa. He has compiled a muhürta work named Muhürta Cūdā- 
mani. Divākara, his nephew and disciple, has rwritten in his work  Jataka- 
paddhati, that he was a *jagatguru” (world teacher). 


According to Sudhākara, there was another Siva, son of Rama Daivajiiya, 
who wrote a work entitled Janmacintàmani. 


KRSNA 


He was born in a well-known family of scholars. The genealogical table 


below has been prepared from the family history given by the writers born in 
this family. 


* The author has not seen these four commentaries himself. He has given the name: 
from the Ganakatarangini. 
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Cintāmaņi (Devarāta gotra) 


Rāma (wife Sitā) Four other sons. 


| i , 
Trimalla Gopirāja 


Ballāla (wife, Goji) 


| | 
Rama Krgņa —— Govinda Ranganātha Mahādeva 


j Narayana  . | I 
Munisvara Vasudeva 
PLACE 


Cintamani, a Yajurvedi Brahmana, used to reside in Dadhigrama, a village 
onthe Bank of Payosniin vidarbha. The position of this village has been des- 
-cribed by Munisvara at the end of his Marici commentary in the line, 


qf Te Valeur sp afan 1 


meaning "In the auspicious (Village of) Dadhigrāma, situated on the bank of 
Payosni, in the same latitude as Ellicpur". 


The Palabhā of Dadhigrāma, mentioned in commentary on the Ke$avi 
Jātaka written by Nārayaņa, son of Govinda, is 4-30, from which the latitude of 
the ‘place would come to be 21^-15'. This is also the latitude of Ellicpur. 
lt appears, thereofore, that Dahigaon must be a village situated to the 
«east Or west of Ellicpur, in the same latitude.* 


Ballāla went to Varanasi to reside there permanently. His descendants, as it 
"appears from their works, continued to reside at Varanasi. However, it 
appears from Narayana’s commentry on Kešava's teakapadālati that he 
compiled it at Dadhigrāma. 


à 


HISTORY OF ANCESTORS 


Krsņa and Munīśvara have wirtten in their works that Rāma possessed 
such a wonderful prophetic faculty that the King of Vidarbhas always obeyed 
him. The date of Rāma, as reckoned from those of Krsņa and Munīśvara 
appears to be about Šaka 1440. When the Bahamaņī kingdom was split 
into five parts about 1500 A. D. (Šaka 1422), one of the parts was transformed 
into the Kingdom of Berar (Vidarbha) with Ellicpur as its capital. As Rama 
is said to have been the adviser of the King of Vidarbha, he must have been: 
residing at Ellicpur. Ballāla was a great devotee of Rudra (Šiva). Ranganātha 
has stated in his commentary on the Sūrya Siddhānta that Rāma, the eldest 


*By the formula tan. laf. = Palabbà ;12, the given palabhà 4/30 w ould. iiie ate 20°34! 
(not 21°15’) as the latitude of the place, (R.V VNV. ) 
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son of Ballāla compiled a theory work to explain the, ‘Anantasudhakara.’ 
This may be the same as the Sudháàrasa of Ananta referred to on page 145. 
"This Rāma also was a great devotee of Siva ; and, according to the Marici 
commentary, he was alive in Saka 1557, the date of that commentary. 


KRSNA HIMSELF 


Krsna was the second son of Ballāla. He wrote a commentary work, Bija 
navānkura, on Bhāskarācārya's ‘Bijaganita’. The commentary has also received 
Bijapallava, *Kalpalatavatara," as additional names. Krsna has suggested init 
some new artifices of his own. The commentary has proved to be the best of 
the ancient commentaries and is recognized as such by learned men. In this 
commentary, he calls himself a disciple of Visnu who was the disciple: of 
Nrsimha, the nephew of Gaņeša, the author of the Grahalāghava: It is not 
known if this Visņu was the same as the Visnu of Golāgrāma ( page 154.). 
The dates of both of them appear to be almost the same. Krsņa has written 
a commentary, consisting mainly of examples, on the Jatakapaddhati of Sripati. 
He has adopted in it Saka 1478, the birth Saka of Khānkhān, the minister, by 
way of example in it. There was no possibility of Khānkhān to be a minister 
before Saka 1500. Ranganātha has referred to both these commentaries by 
Krsņa in his commentary on the Sūryasiddhānta, and he also writes there that 
Krsna was held in high esteem at the court of Emperor Jehangir. Jehangir 
ruled from Saka 1527 to 1549. From this, Krsna appears to have compiled, 
both the commentaries during the period Saka 1500 to 1530. He has written 
another work *'Chādaka Nirnaya", which had been published by Sudhākara 
Dvivedi. It appers from the commentary, Marici that he had won the affec- 
iion of Nuruddin, a Muslim officer, and that he was not living in Saka 1557. 


DESCENDANTS 


Narayana, son of Govinda, has written a commentary on KeSava’s Jataka- 
paddhati, in which he has adopted Saka 1509 for the purpose of illustrative 
examples.: There is a work on algebra, named Nārāyaņiya Bija consisting’ of 
aphorisms in Arya metre. Theauthor of the Ganaka Tarangini says that it may 
have been compiled by Narayana. Fufrthermore, this Narayana may be 
identical with Nàrayana, the guru of Muni$vara. 


RANGANĀTHA 


: An account-of his family has already been given while describing Krsna's 
family. He wrote a commentary, Güdhàrtha Prakāšikā, on the Sürya Sidd- 
hànta. A detailed description of it has already been given. He has given 
in the commentary itself, the date of its compilation in the following verse :— 


Tā qafa twxx zarā fad darat quatem | 
aaraa AT Yio STD HATA AZEITE 1 
Translation : —(not necessary) 
Ranganātha says that his son Munisvara, and the commentary Gūdhārtha 


prakāšikā, both appeared 523 ghatis after sunrise, ón Wednesday, the "Šivatithi 
of the bright (or dark) half of Caitra in Saka 1525 ; and it is written in the same 
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commentary that Krsņa was honoured by the Emperor Jehangir. Jehangir 
began to rule since Saka 1527 and not before. Hence, this šaka appears doubt- 
ful. But Munīšvara's works belong to Saka 1557, 1568 and 1572. This means. 
that the above Šaka is not quite improbable. Ranganātha might have began 
writing his commentary in Saka 1525. The 'ekādaši' day in the "šukla or 

rsna paksa” of the elapsed Saka year 1525, could not be a Wednesday. The 

ukla Caturdasi fell on Wednesday and lasted for 10 ghatis. This would agree 
with the particulars in the quotation if Sivatithi is taken to mean Caturdašī. 
Otherwise, the Wednesday must be the *dašamī, day in Caitra Krsna paksa 
of Saka 1524 which lasted for 8 ghatis. Hence, complete agreement is reached. 
if 1525 betaken as the current Saka (i.e. elapsed Šaka 1524), the dark half as the 
paksa, and Ekādašī as the Šivatithi. In short, Ranganātha was alive in Saka 
1525, but not in Saka 1557, as is apparent from the Marici commentary. 


His commentary on the Sürya Siddhānta shows that Ranganātha had a 
sound knowledge of astronomy, particularly that of Bhaskara’s Siddhānta. 
He has explained the theory, throughout the commentary. It also appears 
from the commentary that he taught students with the help of astronomical 
instruments, like the celestial globe, which he had constructed himself. He 
wrote the commentary at Varanasi. 


GRAHA PRABODHA, Šaka 1541 


This is a Karaņa work, itsepochalyear being Saka 1541. It consists of 38 
verses in all, and'they deal with only the question of the true places of planets. 
The treatment of this subject, the method of calculating ahargana, eleven years” 
cycle, etc. are all on the lines of the Grahal&ghava. The author writes in the 


colophon : 
aq mà ( ? ub) gira anaaga 
Renaa or iR: 11 
Arare eani aei- 
gaian a s zfa erdt AEN 3s 
TARTU TNT: PATA: ii 
qum UIT ENSIS STAT HT ATT: 11 3 11 
Translation :— 


(36) There was a Brāhmaņa, named Tuke$vara, who was an ornament for the 
Garyya, (Gàrgya ?) family, who gave joy to learned men, who was the ‘sun’ 
competent to remove the darkness of ignorance among his pupils, who was 
honoured by the king, who was very famous in the world as one who explains 
the astronomical theory and one who was courageous and broadminded. 


(37) His son, named Siva, who was devoted to him, was equally famous. 
Thelatter's son, Nàga, compiled this work on planetary calculation, agreeing 
with observation. 


It appears that the author's name was Nāgeša, his father's name was Šiva 
and that of his grandfather, Tuke$vara. It is doubtful how far his description 
of Siva and Tukešvara was true ; but so far as his claim to having compiled 
a work agreeing with observation goes, the work is hopeless. He has not 


mentioned his place of residence. But the parts óf A. D:' (ascensionalt 
ence) correspond to a: place having its palabhā equal to 44. ` Thè work neither . 
_ gives any eopchal position ‘norcakra-dhruvaka’s (i.e. expléments .of the mo- 

tion in a cycle). These may hāve béen included in separate tables. The 
copies which the author happened to see (No. 422 of 1881-82 in the Deccan 
College collection and No. 2619 of the Ánandàárama collection) did not 
contain any table. 

Naganatha’s disciple, Yadava, wrote on ‘Udaharana’ type of commentary 

on this work, adepting Saka 1585 for the illustrative example. , 


MUNISVARA 
WORKS 


He was: the son of Ranganātha, the author of Güdhàrtha prakāšīkā. The 
date of the commentary viz. Saka 1525, is the date of his birth :— 

"The following three works by him are famous :—(1) A commentary on 
Bhaskaracarya’s Lilavati, entitled **Nisrstartha Dati Lilavati Vivrti",. (2) The 
Marici commentary on the Chapters on Ganita and Gola from (omg) and 
(3) an independent Sidéhànta work on astronomy known as, Siddhānta Sarva+ 

'bhauma. It is written in Gaņakatarangiņī, that *Pātisāra, is an additiona] 
worktcredited to his name. lt seems that it may be an independant work on 
elementary arithmetic. He has mentioned at the end the date of the completion 
of the first half of the Marici commentary in a queer chronogram :. - À 

IA A I Aa e gener faa qu (ata Was | 

aad waernr qu t faia afre 2 faar qaar WaT 11 R? N 
aarrartafugagtarme qu fatd $3 daifasafa: TRARA: Yo | 
arr aara ofeafatany rf: sfrarqaammpergatefaqi 11 23 N 


Translation :— 


The first part of the Marīci commentary which was begun by Munīšvarā, 
the elder brother of Vāsudeo; was completed on. the date indicated by the 
following mathematical formulae :— 

(i) the naksatra number is to be obtained as follows :— 

the Saka +1—1557+1=155% 
1558+19 82 ; 82—1=81 ; 4/8g1—9 
9— 1-« Rth Le. Pusya 

(ii) The month would be the naksatra number divided by 2 i.e. 4th viz. 
Āsādha. 

(iii) The tithi is given by the month number diminished by 1 i.e. the third, 
viz. trtīpā. 4. 

(iv) The paksa and vāšā:both to be obtained by diminishing the tithi numte 

by 2 i.e. 1 vizi Büklapaksa and Sunday. 

(v) The yoga to be izīdieatēd by the sum of numbers, detēting the nākķa 
ara, vara, tithi, and paksa/Le58--1--34-1--13th. (vyāghāta). 
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The sum of all these numbers (8+-14-3+1-+13) i.e. 26 increased by 13 and 
multiplied by 40 would give the year (—1560) of completion of the work. 


These verses show that the commentary (first half) was completed on 
Sunday, th: 3rd lunar day of the bright half of Āsādhain Saka 1557, the 


naksatra bzing Pusya anl yoga being ' Vyaghata'. The latter half was com- 
pleted in Saka 1560. 


Sudhākara says that the Siddhānta-sārvabhauma was completed in Saka 
1568, and the author’s own commentary on it was completed in Saka 1572. 
The Marici commentary is a voluminous work and the number of verses in it 
being 25000. It contains a very large collection of quotations from ancient 
authors. The commentary on Lilāvati contains 7000 verses and has won 
recognition from scholars. The commentary on the first half of the Sarva- 
bhauma siddhànta, contains 8000 verses. It is seen at several places in his 
works that he was a staunch admirer of Bhāskarācārya. The length of the 
year, the number of revolutions of planets and other measures adopted in the 
Sarvabhauma-Siddhanta are the same as in the Sūrya -Siddhānta. 


LJ 

Munīšvara was also known by another name, Visvarupa. He writes in his 
commentary, Marici, that he obtained knowledge through the favour of Kārtik- 
swami. He states that, Krsna's disciple Nàrayana was his guru. Both of 
them probably belonged to the same family. His works show that he may 
have obtained the patronage of Emperor Šāhājahān. In his Sārvabhauma 
Siddhànta, he has recorded the year of the Hijrī era and the date and time of 
the coronation of Emperor Sahajahan, and also the horoscope of the "moment. 
From this we come to know that Šāhājahān was crowned on Monday, the 
4th February, 1628 A. D., the 10th lunar day of Māgha Sukla, of Saka 1549, 
(the year 1037 according to Hijri era) at 3 ghatis after sunrise. 


DIVĀKARA (Birth gaka 1528) 


He was the son of Nrsimha, a scholar from the learned family of Golagratna 
(see page 154). He was born in Saka year 1528. He received all his education 
from his uncle Šiva. * At the age of 19 in Saka 1547, he compiled a jātaka work 
named, jātakamīrgapadma, which is also known as ‘Padma-Jataka‘. In Saka 
1548, he wrote a commentary, named Praudha-manorama, on Kešava's Jātaka- 
paddhati. He similarly compiled in Saka 1549, a commentary on his own 
‘Jataka’ named ‘Ganitatattva-Cintamani, with examples. 


There is a commentary (with examples) known as Makaranda-vivarana on 
. Makaranda, a work intended to be helpful in Pancáfiga calculation. 

His works show that he was proficient in grammar, logic, poetry and litera- 
ture. 


The author has seen the work, Makaranda Vivarana. The remaining 


account has been given from the information contained in the Ganakatarangini . 


His brother Kamalākara received his training from him. 


THE SIDDHANTATATTVA VIVEKA OF KAMALAKARA 


Siddhànta tattva-viveka is a siddhànta work by Kamalakara. Kamalakara’s 
family history has already been given in the account of Visnu (Page 154). His 
birth date may be about Saka 1530. The work Tattva-viveka was compiled 
at Varanasi in Saka 1580. It follows the modern Surya Siddhànta most faithfully. 
Kamalakara’s pride in the Siryasiddanta had reached such a stage that he felt 


X 
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that whatever was not found in the Sūryasiddhānta was false, and even if the 
same method in the Sūryasiddhānta were crude, while that in another siddhānta 
more accurate, he would still regard the latter as faulty. Thus, for instance, 
the correction of udayāntara was discovered by Bhāskarācārya, but Kamalākara 
regarded it as erroneous since it was not given in the Sūrya Siddhānta. He 
likewise attempted to prove that the correct method of finding the length of 
the circumference of a circle was the one given in the Sūrya Siddhānta, viz. 
to multiply the square of the diameter by 10 and to extract the square root of 
the product, even though the method given by Bhāskarācārya is really more 
accurate, It is needless to say that he has adopted all things like the numbers 
of revolutions and other elements, from the Sürya Siddhànta and has even 
borrowed some verses exactly word by word. This work contains 13 chapters 
on the following subjects :-—mean places, true places, three problems, discs 
shadow, elevation of moon's cusps, rising and setting, possibility of eclipses, 
lunar eclipse, solar eclipse, conjunction of plantes with stars, Mahāpāta and 
problems. All these subjects comprise: 3024 verses in difierent meters. They 
are intersperced with prose passages and he has added a chapter named "Sega 
vāsanā” in which he has given the theory of those subjects in the body of the 
book which was not given at the proper place. This work has been recently 
published by Sudhakara Dvivedi at Varanasi Series. 


Although the great drawback of Kamalākara has been pointed out above, 
his works contain many new things not to be found in the earlier works. They 
are : —He has stated that the place of the pole star does not remain fixed owing 
to the precession of theequinoxes. Similarly, that the pole star which we see at 
present is not situated exactly at the pole (of tlre equator) and its place is found 
to have changed when observed early at night and late in the latter part of the 
night. He says that it is the view of the Greeks that the major part of the 
earth's surface is under water and only a minor part outside it. The distance, 
in degrees, of a place from any meridian, in the east-west direction, which is 
now known as longitude, was termed by him as Tulārmša and he has given a list 
of latitudes and longitudes of 20 cities as below on the assumption that 
Khāladātta, a city on the equator, was on the Prime Meridian :— 


Place Latitude Tulāmša Place Latitude Tulāmša 
Kabul 34 40 104 0 Ahmedabad 23 0 108 20 
Khambayat 22.220" «x 109 20 Burhanpur 21 0 111 0 
Ujjayini 22 1 112 0 Lahore 31 50 109 20 
Indraprastha 28 13 114 18 Argalapur 26 35 115 0 
Somanath 22 35 106 0 Vijapur 17 20 118 0 
Varanasi 26 55 117 20 Golkonda 18 4 114 19 
Lucknow 26 30 114 13 Ajmer 26 5 111 5 
Devagiri 20 30 111 0 Multan 29 40 107 35 
Kanauj 26 35 ^ 115 0 — Manda 27 0 13 0 


Kashmir 35 0 108 0 Samarkand 39 40 99 0 
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He has described in detail, the method of taking observations by the guadrant 
“instrument” and has discussed different new subjects in the chapter on "three 
problems” and "eclipses". He has also mentioned that at the time of the solar 
eclipse, an observer on the moon's disc will be able to see the earth engulfed in 
the shadow. He remarks that the Greeks had observed the transit of Venus 
across the Sun's disc. The causes of the clouds, hailstorm, earthquake, and. 
the falling of meteors, have been explained by him. They are not wholly 
true, they are at least not based on superstition and in the truth. “His works 
show some new methods related to the study on arithmetic, geometry, men- 
suration and trigonometry. Other siddhāntas, assume 3438 units as the radius 
of the earth, and give values of the sines of angles at intervalsof 32°. He has as- 
sumed 60 units as the value for the radius of the earth and given values for the 
sines of each degree, which are very convenient. A table has been given for 
finding the right ascension of a planet from its longitude. Other Siddhantas. 
give neither this table nor the method ; these are given only in Keropant's 
work. In short, his work has many features. It is, however, very difficult to 
find out how many of them he can claim as his own. It is a matter of regret 
that original ideas appearing in his work were not further developed. 


That his brother Divakara, was his guru, has already been mentioned 
above while citing the verses from his work. | Kamalàkara was bitterly 
opposed to Munīšvara, the author of the Sarvabhawma-Siddhanta. They 
were contemporaries. One wonders whether it was due to jealousy that he 
began to hate Munīšvara and consequently also Bhāskara's works. Ranga- 
nàtha, Kamalākara's youngest brother, wrote Bhangivibl-angi, in order to refute 
Munisvara’s ‘Bhangi’, the method of finding the true places of planets. Munis- 
vara, in his turn, made a counter attack (Ganakatarangini page 92.) 


RANGANATHA 


He was born in the famous family of scholars at Golāgrāma (see genealo- 
gical table on page 154). His birth year may be ebcut 1524. He wrote the 
* Mitabhàsini', a commentary on the Siddhànta širomaņi. Sudhakara writes - 
that he had compiled an independent work, named Siddhànta Cüdamani. 
It has 12 chapters and contains 400 verses. It follows the Sūryasiddhānta. 
Ranganātha has mentioned the date of its compilation as follows 


mami gfadfēt v gagfavat afa grar faf 
qid € gafz 2 atsegtas & Are |i 
ga: wdgRr: Tat kaf yok WT 


+ 


Translation :— 


Calculation based on the above data shows that this work was completed on 
Friday (6), the full moon (15) day of Pausa* (10), Saka 1565**, the naksatra and 
the yoga on that day being Ārdrā (6) and Brahma (25) respectively. 


* Sudhākara has arrived at Saka 1562 as the date referred to in this verse ; but it is an 
error due to oversight. The third naksatra that he mentions was not possible on the fullmoon 


day of Pausa in that Saka year. The naksatra happens to be the sixth ; and taking that into 
account, the sum would not come to 1562. 


** The month seems to have been puzzled out by trial and error as the original verse does 
not contain any clue to its name or number. Pt. Sudhakara also remarks that number 10 has 
to be presumed here as the number of the month because it fits the case completely. (R. V. V) 
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SIDDHĀNTARĀJA | 
By 
NITYANANDA (Šaka 1561) 
BRIEF ACCOUNT 


Nityānanda compiled the work ‘ Sarva Siddhàntaraja' in the year 
Vikram Samvat 1696 i.e. Saka 1561. He ‘was a resident of Indrapuri near 
Kuruksetra. His gotra was Mudgala, he belonged to the Gauda clan and 
was brought up in the Dulinahatta tradition of teaching. According to 
Sudhākara; Dulinahatta was his traditional native place. The names of his 
ancestors, from his father upwards, were Devadatta, Nārāyaņa, Laksmana 
and Iccha respectively. 


Description of works. Their Special Features 


The work ‘Siddhantaraja’, is divided into two parts—Gaņitādhyāya 
and Golādhyāya. The first part contains 9 chapters and deals with the 
following subjects : Mimàmsa (Rationale), mean places, true places, three 
problems, lunar eclipse, solar eclipse, elevation of moon's cusps, conjunc- 
tion of planets with stars and shadow. The second part, Golādhyāya, 
contains chapters on the universe, the celestial sphere and instruments. 
The special feature of this work, which distinguishes it from all other 
Siddhānta works described so far, is that it.follows the SĀYANA system. 
He has fully discussed in the first chapter on * Mimàmsà' (Rationale) how 
the Sāyana system is the supreme system and how it is recognized as such 
by Gods and Rsis. The numbers of revolutions and other elements of 
planets etc., are as follows :— 


Kalpa 4,32,00,00,000 years. 

The revolutions etc. in this period are :— 
Sun 432,000,0000 Saturn 146835981 
Sun's Apogee 171945 Savana days 1577847148101 
Moon 57150968965 ` Solar months 51840000000 
Moon's apogee 488321103 Intercalary months 1590968965 
Mars 2296968639 Lunar months 53430968965 
Mercury 17939534114 Lunar days 1602929068950 
Jupiter 364356698 Suppressed tithis 25081320849 
Venus 7022180538 


Number of divine years spent over creation from the beginning of 
Kalpa.......... 90410 


Number of solar days in a year 365.24253428 
—365 days--14-33-7.40448 
the tropical year —365 days—14-31-53.42 (By accurate modern methods), 


It can be easily noted that there is considerable difference between the 
above figures and those given in any of the siddhāntas described before. The 
number of days in a Kalpa and the consequent length of the year deduced 
from it are less than those of others, and the numbers showing revolutions 
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are greater than theirs. The number in the case of Venus 1s smaller, 
which apears to be due to some error. 


The corrections to be applied to planets have been mentioned in the 
following verses :— 


qeesitfgt aar STATA v (?) K Yo emer Tmisqq ASTIN IPT T: 
STET: a qa faiie shat n 

atsrearaTifkrafa : 930 ART sto TWerferfy wao afud : 420 
TAT go. Yo MAAR: 2oo PATI 

wed 23220 duni. Feat ae Farad TE 

qifa gaa qudzIeqqnarem lt 

quies du fear: sar ed J 


The author remarks at the very beginning,— 
gr drafta HT TACATCTH tt TTR ETA TE ser fasta 
. freA THE WVU 
“ After studying the Romaka, Saura, and Brahma Siddhantas, and after 
calculating places of planets, the writer compiled this accurate Siddhānta. ”’ 


It is not known which Romaka Siddhānta is meant here. The differences. 
in the measures will show that it can neither be the Romaka Siddhinta 
of. the Paficasiddhantika group nor that of Ptolemy. The. Samrat-Siddhanta 
(Saka 1561) also refers to Romaka , Siddhànta. The author has no nieans 
at present to ascertain what Siddhānta it was or whether it was the same as 
the one seen by Nityānanda. The author of the work seems to have taken 
observations himself. There might have been Muslim astronomers at the 
Delhi Court in his time, and they might have had: possessed some works 
on Muslim astronomy in their possession. A reference to some such works - 
occurs in the Siddhāntsamrāt. Nityananda might have seen those works also. 


The author happened to see a copy of this work with the late Rao 
Saheb Višwanāth Narayan Mandlik. The copy had been made from a 
work belonging to a learned’scholar at Jaipur. It appears that the siddkanta 
is well known in those parts. It is not known, however, if the work was ever 
made use of in the actual calculation of almanacs. 


KRSNA, Saka 1575 


There is a karana work entitled Karana Kaustubha, written in Saka 1575. 

It was compiled by Krsna, an astronomer of Kasyapagotra and a son of one 

Mahādeo. It has not been mentioned what Siddhānta it follows. But the 

‘motions of planets and the epochal positions agree with those calculated 
from the Graha Kautuka and the Graha Laghava, with slight modifications. , 


The author has made a salutation to KEsAvA, the author of Graha Kautuka. 
He says in the beginning, i 
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THE Ai agaat vmranrfeiaafatfa ga 
aft adzfratretfta: weed sfasa faa u 
“Being ordered by King Šivājī to compile such a Karana work as would 


enable astronomers to obtain figures agreeing with observarion, Krsna, the 
King of astronomers has begun to compile this Karana work." 


This shows that he compiled the work with the help of the two works 
mentioned above and his own observations. Siva, referred to by the author, 
is king SivAri, the founder of the Maratha kingdom. There is no doubt 
that, in Saka 1575 i.e. in 1653 A.D. the author of the work was engaged in 
making preparations for the writing of the work and for taking observations. 
Sivaji was 26 years old then, and was actually absorbed in the work of founding 
the kingdom. It is very significant that even in the midst of the turmoil, he 
instructed the author to compile a work which would give results agreeing 
with observation. 


The following line of the author, | 
HN: PRAAN qued TAT 11 


shows that he was a Dešastha Brāhmaņa residing in the Māwalā territory 
near the Sahyādri ranges. 


The mean places of planets are to be calculated from varsagana according 
to this karana work. The ayanāmša is assumed to be zero in Saka 450 and 
the annual motion 60”. Unlike the author of the Grahalāghava, this author has . 
taken the help of sines and chords. This very writer compiled a very volu- 
minuous work entitled Tantraratna and this work, he says, was only a part 
of it. The Tantrarátna has not come to the author's notice. 


PANCANGAKAUTUKA 
Bv 
RATNAKANTHA, (Saka 1580) 


This is a work cortaining tables, helpful «in easily calculating netessary 
figures for the almanac. The epochal year in it is Saka 1580. It has been 
compiled on the times of the Khandakhadya. .The name of the author is 
Raina Kantha. He was born in Saka 1546. His father’s name was Sankara. 
He compiled this work for his son, Sivakantha. - The writer claims that the 
figures for the whole almanac can be compiled in two days only from this 
work. It has aready been observed (page 89) that he was probably a 
resident of Kashmir.’ 

This work gives tables for calculating the ending moments of Tithis etc. 
from the positions of the Sun and Moon, and the values of the bhogya (un- 
€xpired) parts of tithis and other items. This work can be used for finding 
tithis etc., when the true places and motions of the sun and moon are first 
found ; it evidently entails greater labour than the work.Tithi Cintamani. 


VĀRSIKA TANTRA 
BY 
VIDDANA 


A work of this mame was found at Sholapur for the first time. It has 
adopted the beginning of Kaliyuga as its epoch for calculation work, and that 
is why it is called a tantra. This tantra was compiled by VIDDAŅA, 
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the son of Mallaya of Kaundinya gotra. No mention has been made of the date 
Of the work or that of its author. There is a commentary on it written about 
Saka 1634. (This Saka has been taken for an example in it). The commen 
tator has not disclosed his name ; but his place of residence, according to the 
commentary, was Barnkápur. The palabhē of Bankapur has been mentioned 
as 3-18 (hence the latitude would be about 15? 25' ), and the longitude as about 
13 yojanas (1°) west of Kārtika mountains. From this, the place appears 
to be situated in the Dharwar district. This fact and the writer's name would 
iead one to infer that this work had been in use in Karnataka, and the date 
of its compilation was earlier than Saka 1600 ; it may have been even more 
ancient. It contains a verse from the Grghalēghava. |t is not known whether 
the author of the Grahalaghava has taken it from. this work or the author of 
this work has borrowed it from the Grahalāghava. 


The length of the year and the revolutions of planets have beer taken from 
the modern Sūrya Siddhānta, and a correction has been mentioned for them. 
The correction for Mercury, as mentioned by Makaranda, is negative, while 
that given in this work is positive. Simiarly the Makaranda does not at all 
mention any correction for Mars, while this work gives plus 22 revolutions ; 
all other corrections are the same as those given in Makaranda. 


From the list of corrections, this work does not appear to be older than 


Saka 1400. The Aufrecht Catalogue mentions another work Grahana Mukura 
by Viddana. 


PHATTEŠĀHA PRAKĀŠA 
By i 
JATADHARA, Saka 1626. 


. This is a Karaņa work. The epochal year of this work is Saka 1626 which 
was the 48th year of the reign of king Phatte Saha of the Candra dynasty at 
Badri Kedar, near Srinagar. Its author is JATADHARA by name. His father’s 
name was Vanamāli, that of his grand father was Dūrgāmišra and that of 


his great-grand-father, Uddhava. His gotra was Garga. Jatadhara was a 
resident of Sarhind*. 


DADABHATA 


The Kiraņāvali, a commentary on the Sūrya Siddhānta, was written by 
DĀDĀBHATA or DADABHAI, a Citpavan Brahmana, in Saka 1641. His father’s 
name was Madhava and surname Gaonkar. A reference to this commentary 
has already been made in the course of the authors comments on the Sūrya 
Siddhānta. 


- 


ACCOUNT OF FAMILY 


According to Aufrecht Catalogue Madhava had written a work entitled 
Samudrika Cintāmani. Narayana, Dadabhata’s son, has written in the colo- 
phon of his Tājakasudhānidhi, that MADHAVA was “ in the service of Sri Isa 
in the Pashupatinagar ", from which he appears to have been staying at 


— o — —ÓM M a — S T" 


*Prof. Bhandarkar’s Report on the Search for Sanskrit Manuscripts, 1883-84, p. 84 
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"Vārānasi. Madhava had two sons, of whom Dādābhata was the elder. 
Dādābhata had two sons, of whom NARAYANA was the younger. arara 
“compiled the following works :— 


(1). Horāsārasudhānidhi (2) Narajātakavyākhyā (3) A * Prašna " work 
«entitled Ganakapriya (4) A ‘Sakuna ' work, named Svarasāgara (5) Tājaka- 
-sudhanidhi. The date of all these works appears to be about Saka 1660. 


_ JAYASIMHA 


Jayasimha was a unique personality so far as the science of Indian astro- 
nomy is concerned. Coperinicus was born in Europe about the same time as 
KESAVA Daivajfiya and Gaņeša Daivajūya, the two research-minded astrono- 
mers, were flourishing in our country, and the condition of astronomy both 
here and abroad could be said to have been similar till that age. Buta great 

"transformation took place in the condition of astronomy in Europe from 
‘COPERNICUS ‘onwards. One may safely say that the science has now 
.attained the acme of knowledge so far as the motions and positions of 
planets are concerned. It is true that the discovery of telescope and the 
needs of navigation were particularly responsible for this remarkable progress; 
"still, it must be-admitted that urlike Europe, our country failed to produce 
-a galaxy of talented and diligent scholars capable of bringing about a similar 
„advance of knowledge. It is found, only JAYASIMHA in our country could . 


be named as the solitary exception, comparable with the European scholars 
-of his time. 


Jayasimha was a king in Rajputana. He ascended the throne at Ambher 
‘in Vikram Samvat 1750 (Saka 1615, i.e. 1693 A.D.) Later on, he built the 
"present city of Jaipur and made it his capital. In his work, Siddhārtasamrāt, 
-he has been styled ** Matsya dešādhipati ". He set himself the task of com- 
piling a work, after taking observations wih newly built instruments, set up 
in newly built observatories, because no existing Hindu, Muslim, or European 
"works could give results agreeing with observation ; and accordingly he accom- 
plished his task with success . He established observatories at Jaipur, Indra- 
_prastha *(Delhi), ujjayinī, Vārānasī and ‘Mathura. He got built" very big, 
immovable instruments, made of mortar and stone, huge in size and very 
useful for observation, because, he found that metallic instrumerts are very 
small in size and wear out easily. Of these, the Jaiprakāša, Yantrasamrat, 
Bhittiyantra, Vrttassthaméa etc. were 1 ewly devised by him ; and after engag- 
ing a staff of competent astronomers as observers for seven or eight years, 
.he compiled a work entitled viz. ‘Muhammad ' in Arabic and Siddhanta 
Samrāt in Sanskrit, on the basis of the records of observations taken. At 
that tims, MUHAMMAD ŠĀH was the Emperor of Delhi ard the first work 
was ramed after him. It appears that it was also called * Mijasti”. This 
work belongs to the year 1141 of Hijri era (i.e. Saka 1650). He got the Sidd- 
hantasamrat compiled by a scholar, JAGANNATHA, about Saka 1653 (i.e. 1731 
A.D.) It is mainly a translation of the work, Mijasti. It cor sists of 13 
chapters, contaning 141 articles and a study of 196 propositions (Ksetras). 
‘The work records the observations taken in the year 1650-51-52 ; and the 
elements such as planteary motions have been determined, after comparing his 
own observations with those of ULUGH BEG and other ancient observers. 


ENTE Pars EE M cc RE mas, 


*The latitude of Indraprastha has been given as 28?39' which tallies with the presen: 
day estimate. 
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The Siddhāntasamrāt could nót be obtained in its complete form in this 
province. The Ānandāšrama possesses a copy of the book prepared from the. 
incomplete work in the possession of the Rajajyotisi (palace Astrologer): 
of Kolhapur . It contains two chapters in the beginning which deseribe, 
by way of introduction, the earth and the celestial sphere. The first chapter 
contains 14 articles and a study. of 16 propositions (Ksetras), and the second, 
13 articles with 25 theorems. The book contains, in addition, a study of” 
instruments and problems in geometry and trigonometry, three problems. 
and mean & true places. The “ spastādhyāya " is incomplete, and this. 
portion contains a study of 67 propositions. All these together make about 
5500 verses. From this it appears that the complete work may have consisted 
of about 10000 verses. Sudhākara says thiat according to a legend, the. 
number was about 50000; but it is an impossibility. Moreover, Sudhākara 
too has not seen the entire work, g 


If a description of the observatories built by Jayasimha, and of the obser- - 
vations taken, and the items of original information gleaned from these, be- 
attempted, it would take a small volume. Itis enough to state here, however, 
that Jayasimha ensured a higher degree of accuracy in the calculation of 
planetary positions and motions than that achieved in Europe in those days. | 
This reflects great credit on him as well as this country. The length of the: 
year adopted in this work is tropical and the rate of annual precession 
about 51".4, The planetary places obtained from the work appear to be- 
sāyana. We are instructed to take the nirayana places obtained by applying: 
the ayanaàmá$a-correction. The numbers of revolutions and other elements 
also appear to have been given as in the Sürya Siddhānta along with correc-. 
tions to be applied to them. 


4 


It is not that the work a Arabic might have been entirely compiled by: 
Jayasimha himself. He had many scholars under his patronage and he might. 
have got it compiled by them. The Siddhānta Samrāt which is for the most. 
part a translation of the Arabic work was compiled by Jagannātha. Never-. 
theless, Jayasimha was himself a good observer, a mathematician and an. 
astronomer. The works mention the fact that some of the subjects were: 
explained by him in quite a new way ; and the idea of first taking observa-. 
tions and then compiling a work that would give results in conformity with. 
observations was first originated by him. He had engaged competent artisans. 
and scholars knowing one or both the languages, Sanskrit and Arabic. He. 
had sent astronomers even to foreign lands to take observations. It. 
is obvious that the observation work has to be carried on at several places 
and by several persons working in co-operation. 


The Siddhanta Samrat describes the instruments newly designed by: 
Jayasimha. A description of his observatories and instruments has been given: 
later on in the chapter on 'Observations”. 


The Siddhànta Samrüt refers not only to ancient works in Sanskrit but to. 
a work compiled by ULuGH BEG, grandson of Tamerlane in the Hijri year: 
841 (ie. Saka 1359). It refers also to a work compiled by Boosanassar,. 
which seems to have been compiled 619 years before that of Jayasimha. This- 
figure may be indicating years of Hijri era. It refers to the Romakasiddhēnta-. 
and to the Yavana (Arab) astronomers, Batalmajusa and Awarakhas... 
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Jagannātha translated in Saka 1641, 15 books of Euclid's geometry in to 
Sanskrit, under orders of Jayasimha. It is called * Rekhā-gaņita”. It is well 
known in Jaipur province. There is a copy of this book in the Ānandāšrama 
library (Book No. 3693), Poona. Itdoes not mention Euclid's name. It is 
said to have been prepared with the help of works compiled by Rsis ; 
there is, however, no doubt that it was compiled with the help of Euclid's 
work. It may have been compiled from some Arabic work which did not 
make any mention of the original writer, or else which contained some words. 
suggestive of the ** apauruseya " (divine) nature of the work and a similar 
remark might have found its way into the Sanskrit work also. ` 


Sudhākara writes that Jayasimha offered some villages to Jagannātha by 
way of reward and they are still in the possession of his descendants. 


Jayasimha got another work entitled * Katar ', compiled by * Navanāsu- 
khopadhyaya'. It is an independant work different from Euclid though 
compiled on the same lines. It conains three chapters which respectively 
consist of 22, 23 (or 22) and 14, i.e. 58 or 59 theorems in all. The first 
two chapters deal with theorems about circles on spheres. This book was 
originaly written by * Sivajasayasa' in the Greek language. -It was then 
translated into Arabic under the orders of Abul Accās AHMepD. There is 
a commentary on it compiled by NASIR. It has been stated in the work 
that it was translated from Arabic into Sanskrit. 


The enterprises of Jayasimha were not continued further. No one makes 
any use of his observatories and now they are mostly in a dilapidated condi- 
tion. Jayasimha's work, Siddhānta Samrāt also does not ,appear to have 
come into use ; nor have almanacs been rectified therefrom. The length 
of the year is still the same as before. And the same works which guided 
the almanac-makers before the time of Jayasimha continue to hold the field 
to this day. The fact that Jayasimha”s works were not used even in Raj- 
pufana, is really very deplorable and thought-provoking. 


VAISNAVA KARANA 
Bv 
SANKARA, Saka 1688 


Šaūkara belonged to Vasistha gotra and was a resident of the region around 
Raivatakā hill (near Dwarka). The names of his ancestors, from his father 
upwards were Suka,-Dhanešvara, Rama and Harihara. . He compiled a Kara- - 
na work entitled Vaisnavakarana in Saka 1688. Although he has observed in 
the beginning that he proposed to compile it. according to Visnugupta's views, 
he has, in reality, followed the Bhāskarācārya”s views. He perhaps meant 
to name Brahmagupta, son of Jisnu, in place of Visnugupta. This work 
adopts a Zero ayanāmša for the Saka year 445. The work contains about 
300 verses. It is claimed that this Karana work would give planets places 
agreeing with observation. But it contains nothing more than earlier works, 
Ganakatarangini, pp. 110-111. 
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GRAHAGANITA CINTAMANI 
Bv 


MANIRAMA, Saka 1696 


BRIEF, ACCOUNT. 


Manirama was a Yajurvedī Brahmana belonging to Bhāradwāja gotra. 
"The names of his three ancestors, starting from his father, were Lalamani, 
Devidasa,and Liladhara. His guru was one Vatsaraja of Kasyapa gotra. 
All these names suggest that Manirama was a Gujerāti. The verses describing 
his family history show that his name may have been simply RAMA. 


Outline of Work 


The Grahagaņita Cintāmaņi has given epochal positions forthe morning 
-of Sunday, the first lunar day of Caitra Sukla, of Saka 1696 (i.e. 13th March, 
1774 A.D.). They are :— 


Sun Moon | Moon's apogee Moon's node 
S 11. 11 1 
O 0 4 29 15 
i 15 50 6 . 36, 
i JOE 1 6 | "21 55 
Mars Mercury's Jupiter Venus’s Saturn 
(mean) (mean) 5 
elongation elongation 
S . s 10 1 11 4 4 
oOo. . . B 17 29 28. 27 
QULA ; A 4 5 57 54 4 
Us s E 51 "A 12 0 54 12 


Difference from those of Grahalaghava (Gr. L.-23 cycles ; ahargana—388) 


. + ^ 


x. e s 
Sun . . . +0 0 24  Mercury’s (Mean) elongation . +1 14 31 
Moon. . . 40 O0 51 Jupiter . . . . . 40 20 33 
Moon’s apogee | +1 36 8 Venuss(Mean)elongation . = —2 56 34 
Moon's node . —0 17] 2 Saturn , , , ; .—0 9 17 


Mars , : . —0 6 37 
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This work has employed the same device as Grahaghava in order that aha- 
rgana may not exceed a certain number.In other words it has assumed a cycle of” 
11 years and the explement of the motion during this cycle is termed ‘Dhruva’. 
These ‘Dhruva’ figures are more accurate than those of Grahalāghava. The 
author is a follower of the Sürya Siddhānta ; still, he has not adopted the 
positions as they are actually obtainable from the Sürya Siddhànta. Again, 
though the method of procedure adopted in the work is almost the same as. 
that of Grahalaghava, the author has not relied upon that work too for the. 
places of planets. From this and from his remark in the conclusion, viz., 
“I have compiled this work, after myself taking observations, according to. 
the methods of observation described by learned men. Scholars may. test. 
their accuracy by means of instruments, ” it appears that the writer has obtained 
the planets’ places at the epoch, after actually taking obervations for himself. 


„He has mentioned a correction due to difference in longitude (rekhāntar). 
to mean places of planets. Similarly, he has mentioned .the corrections of” 
‘bhujantar’ and ‘cara’ for all planets’. The ayanāmšas have been given. 
according to the Sürya Siddhanta. The method of calculating true places, 
of planets is like that of Grahalaghava. However, the figures for the helio- 
centric and geocentric positions are somewhat different. 


The work contains 12 chapters on the following subjects :— mean places,. 
true places of the sun and the moon, true places of planets, calculation of the 
ascendant etc., lunar eclipse, solar eclipse, graphs, re-appearance of the moon, 
construction of the ‘nalika’ instrument, elevation of moon's cusps, heliacal. 
rising and setting and Mahapaat. The number of verses in it are respectively 
19, 11, 14, 7, 5, 3, 7, 3, 26, 4, 6, 15, i.e. 120 in all. There is a copy of this work. 
in the Anandasrama (library), Poona. (Book No. 3103). 


No Setback to Grahalāghava 


TA number of attempts appear to have been made to compile a work similar 
to the Grahalāghava. The author has not found among these any work as. 
good as this one. ` Of course the author of this work cannot be credited with 
capacity for original work like that of the Grahalāghava ; still, it is only fair 
to observe that he has given planetary positions agreeing with observed results ; 
and, judged only as a karana grantha, thi$ work is by no means inferior to 
the Grahalāghava. Nevertheless, Grahalāghava has been in extensive use all. 
over the country and in spite of its great antiquity it is not found inconvenient 
forcalculation. Moreover, many astronomers have prepared tables in order 
to simplify all its calculation work. For all these reasons the Grahalāghava 
has not been beaten as yet by any of its successors. 


BRAHMA SIDDHĀNTASĀRA, Saka'1703 


This is a work belonging to Brahmapaksa. It contains 12 chapters. It 
has adopted Saka 1703 as its epochal year. The first chapter comprising 
124 verses, is a synopsis of the chapter on mean places from the Siddhànta 
Siromani. Then follows the main part of the original work.. It follows the 
method of computing planets’ places from ahargana. Some of its methods 
are similar to those of the Grahalaghava. The author of the work, named 
BHULĀ, was the son of Narayana and a devotee of goddess Devi; he was a. 
Brahmana belonging to Gàrgya gotra, and used to reside at Dadhici, a place 
6 miles to the east of the mouth of the Narmada. 
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YANTRARĀJA GHATANĀ 
By 


MATHURĀNĀTHA, Šaka 1704 


Mathurāntāhā, a Mālviya Brāhmaņa, was employed in the library of the 
Sanskrit Pathsala* at Varanasi from 1813 to 1818 A.D. (Saka 1735 to 1740). 
He was a good scholar of astronomy and knew the Persian language. He 
compiled the work Yantrarāja Ghatanā in Saka 1704. The number of verses 
in it is about 1000. He received the patronage of Dayālu Cānd (Dalcand), 
grandfather of Sivaprasad, the well known king of Vārānasī. The latitudes 
and longitudes of stars observed in Saka 1704 have been recorded in this work. 
(Ganaka Tarangini, pages 114— 6). 


There is an instrument known as Yantrarāja which is useful for observa- 
tion. There is also an old work entitled ^ Yantra Rāj ", dated Saka 1292, 
which has been noticed further in the chapter on observations. Mathurānā- 
tha's work probably dealt with the construction of the instrument, the method 
of taking observations and the like matters. 


CINTĀMAŅI DIKSIT 


This astronomer flourished under the Peswa rule. His date of birth is 
- about Saka 1658 and the date of death Saka 1733. He was given a pension 

of Rs. 125/- by the Pešwas. He was a resident of Sātārā. He prepared 
tables for the S*rya Siddhánta; he compiled in Saka 1713 a work entitled 
Golànand, which is devoted to the instruments of observation. Its description 
will appear in the chapter on ‘Observations’.. Theré is a commentary on it 
compiled by YajiieSwar alias Baba Jošī Rode. The descendants of Cintā- 
mani are at present residing at Sātārā. The author had met in Saka 1809 
Bhai Diksit Ciplinkar, the grandson of Cintamani Diksit. The above 
account is given on the basis of the information given by him personally and 
also from what could be gathered from the work. Jt was told that he had a 
brass instrument called Golānand and the directions etc. have been fixed in 
Sátárd for the purpose of taking observations. It is mentioned in the Golā- 
nand, that Cintàmani's gotra was Vatsa, his father’s name Vinayaka and the 
original place of residence of his ancestors was Ciplün. 


RAGHAVA 


He was a resident of Pūrola in Khāndeš, at about 2 ‘yojansa’ to the south 
of the river Tàpi. He used to reside also at 'Punyastambha" (Puntamba) 
on the bank of the Godāvarī, in Ahmednagar district. He compiled some of 


his works there. His surname was Khandekar and his father's name was 
Āpāpanta. 


*The Sanskrit School (Pāthašālā) at Varanasi was established by Jonāthan Duncan, the 
Resident of Vārānasī, on 28th October 1791 (Šaka 1713). The school is still in existence. 
The ancient Indian sciences and modern sciences like mathematics etc. are taught: there 
through the medium of Sanskrit. 
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He compiled two. astronomical works, Khetakrti aud Paücangarka, and 
.a work on astrology, entitled Paddhati Candrika. Khetakrti belongs to Saka 
1732. It may be regarded as following the Grahalāghava. It treats of only 
the very necessary subjects from the Grahalāghava. The figures for motions 
and other measures are more crude than these of Grahalāghava. He has 
adopted different devices for calculating mean places of planets. This work 
is in some respect more convenient for calculation than even the Grahalāghava. 
The author has incorporated in it also the methods of calculating tithis and 
other features of the almanac from the epochal positions for his own date, 
after quoting relevant verses from the Tithi Cintamani. On the whole, however, 
it is very inferior to the Grahalāghava. But it is better than Raghava's second 
work 'Paācāngārka” The Paiicāngārka belongs to Šaka 1739. Rāghava 
compited it, because the earlier compilers of works on Paūicānga calculation 
used to keep secret the reasons underlying such terms as *abdapa' occuring 
ih them. The commentary on the work is written by the author himself. ‘It 
was compiled at Puntamba. This work alone would not serve the purpose 
because, it instructs one to adopt the parākhya* correction from the Laghu 
Cintamani, Apainthe author has given the method of calculating only the mean 
places, white that for the true places has not been dealt with. One fails to 
see why then the calculation of mean places is given at all. The length of 
the year has been taken as 365d-15-31-31. The mean places are to be found 
from Varsagņa. But the annual motions given for this purpose appear to 
be very approximate as compared with those of the Sūrya Siddhānta. The 
motions have not bečn altered with any definite purpose in view. The second 
chapter deáls with the calculation of the ascendant and the 3rd and the 4th 
-dsscribe how to calculate the eclipses of the sun and moon, provided the 
“naksatra” is knowg. The four chapters together contain 103 verses, 


Paddhati Candrikā, a work on astrology, was compiled in Saka 1740. It 
was completed at Pūņyastambha. ppāgoswāmi, son of Rama, $urnamed 
Khire, and a resident of the village Revada, situated in the territory between 


the rivers Krsņā and Nirā, wrote a commentary on it in Šaka 1741, which 
is entitled Lalita. 


TITHI PARIJATA Bv SIVA 


Siva, the son of Mahadeva, belonging to Višwāmitra gotra, was a tesident 
of Laksmešwara. He compiled the work, Tithipārijāta, in Saka 1737. It 
follows the Grahalaghava. It gives tables like those of Tithi Cintamani, 
for the calculation of tithis, (This information has been given from the 


Ganaka Tarangini). It is not known if this Laksmeswara is the same as that 
in Dharwar District. 


DINAKARA : 
BRIEF ACCOUNT 


A numbsr of works compiled by Dinakara and copied out by Mādhavarāo 
Pendse of Poona, are in the Ānandāšrama, Poona. Ju an example in one of 
the books, the palabha taken is 4 and the longitude is 28 yojanas west. These 
are the corrdinates for Poona. From this, Dinakara appears to have been a 
resident of Poona. According to the description given in his commentary 


on the Yantra-Cintāmaņi, the name of Dinakarara’s father was Ananta and 
his gotra was Šāndilya. 


*Parākhya is the duration of the unexpired part of fifhi, yoga or naksatra at sunrise. 
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All his works on astronomy have been compiled with a view to simplify i28- 
planetary calculations to be made according to the Grahalaghava. They consist 
mostly of tables, and are very useful for study, because solved examples have 
been givenin them. The works are :—(1) Graha Vijūāna Sāraņī : This contains 
tables useful for calculating mean and true places of planets. The Saka years- 
used in the examples are 1734, 39, and 44. (2) Māsa-pravesa-sāraņī bows 
how to compute the true daily position of the sun, for the sake of findi?ng the: 
moments of the commencement of a new day, a new month, and a new yeal 
of life, according to Tājaka system. The solved example has ' adopted 1744 
as the Saka year, 4 as the palabha, and 28 W. Yojanas as the longitude. 
(3) Lagna Sāraņī : tables for finding ascendants. (4) Krāntisāraņi : tables. 
for finding the declination. Saka year 1753 has been selected for the example. 
(5) Candodayānkajāla : Šaka year 1757 adopted in the example (6) Drikkarma. 
Sāraņī : Saka year 1758 taken for the example. (7) Grahanankajala : The 
example has adopted Šaka 1755—1761 as the years (8) A commentary on the 
Pātasāraņi (Tables for the calculation of Mahapāta) by Gaņeša Daivajiia, Saka 
1444. The example adopts Saka 1761 as the year. (9) Yantra Cintāmati- 
Tiká : This is.a commentary on the work on instruments by Cakradhara.. 


Dinakara was an ingenious astronomer and his works show that he had a. 
good knowledge of observations. 


GRAHALAGHAVA METHODS SIMPLIFIED © 


A number of astronomers possess tables like those prepared by Dinakara 
that are useful in making any calculation by the Grahalaghava methods 
and especially for finding the mean and true places of planets. The calculation 
which normally takes 2 to 2% hours if done according«to the method described 
in the Grahalāghava verses, can be finished in nearly half an hour with the 
aid of such tables. VAMAN KRsNa Josi, Kannadkar, published in Saka 
1803 a work, entitled, ** Brhat-Paficang-SadhanodBharana " which contains 
such tables. The printed version of 'Kešavi (collected works of Kešava, the 
father of Gaņeša Daivajfiya) contain similar tables. Nevertheless. astronomers 
are found as do not have any.idea of such devices and short cuts and are 
consequently required to follow the laborious method of calculation. 


YAJNESWARA ALIAS BABA JOSI RODE 
BRIEF ACCOUNT 


His gotra was Sandilya, his father’s name was Sadāšiva and that of his grand 
father, Rama. He was the grandson (daughter's son) of Cintamani Diksit 
of Satara. When British rule was established in Maharastra, a Sanskrit College 
was founded in Poona, ahd Yajíie$wara was a teacher* of astronomy there up- 
to September 1838 (Saka 1760). From what date he was there, is not known. 
The chief Pandit and astronomer, Subājī Bāpū, of the Sanskrit School at Sihore, 
a SSS SSS SE AJ USP PART 


: ru Chaplain, Commissioner of Southern Division, founded the Poona Sanskrit College 

m 21 A.D. Afterwards the College underwent such a complete transformations in 1851 
.D. that it may as well be regarded to have ceased to exist. (See Report of the Board of 

Education, for 1840, 41, 51 & 52.) . g^ Sos 
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in Malwa, had compiled a small work entitled Siddhānta Siromani Frakāša 
in which he presented a comparative study of the mythological views abou) 
astronomy, those of the Sanskrit astronomical siddhānta works, and thost 
of Copernicus. R.B. Godbole, author of the Modern History of India (Marathia 
writes that Yajiieswara had compiled the work, *' Jyouh-Furāņa- Virodha 
Mardan ” in refutation of thé work of Subaji Bāpu while Major Candy has- 
observed that Yajiiešwara was very intelligent and learned, but a very bigoted 
champion of the mythological doctrine. But there is still another woik 
‘Avirodhaprakasa’ by Nīlkāntha, in which it has been shown that there is no 
contradiction between the teaching of the Puranas and those of the science 
ofasironomy. Wilkinson, the Political Agent of Sihore, had a sound kncwlec ge 
of Indian astronomy. He had got Siddhānta Siromani, printed at Calcutta 
in 1841 A.D. (Saka 1763). It was on his advice that Subaji Bapü compiled 
another work “ Avirodhaprakāša viveka" (Saka 1759) in order to refute 
the arguments advanced in “ Avirodhaprakāša ", and sent it to Baba Jo$i 
at Poona, and Baba Josi endorsed the views of the author, as can be seen 
from the relevant correspondence published in the original by the author of 
the Ganakatarang im*. 


WORKS 


The following are the works by Yajfie$wara :—His commentary, Yantrarāja 
Vāsanā, on the work, Yantraraja, belongs to Saka 1764. He has also written 
Anubhāvikā, a commentary on Golanand by Cintāmaņi Diksit. The com- 
mentary, Maņikānti, on Laghu Cintamani, compiled by some Yajfie$wara 
may probably be the work of this very author. These works show that 
Yajüe$wara had a sound knowledge of Siddhànta works. He has referred 
to his work entitled, Prasnottarmalika in his commentary on Golānand. 


NrsIMHA, alias BāPŪDEVA, Birth Saka 1743 
Brief Account 


Bāpūdeva was oné of those learned men who lived after the establishment 
of the British rule in India and who were proficient both in the Indian and 
Western systems of astronomy and mathematics. He was a Rīgvedī Citpāvan 
Brāhmaņa, originally a resident of Tonke, on the bank of Godavari in Ahmed- 
nagar district. He was born on the 6th lunar day of the bright half of Kārtika 
in Saka 1743 (i.e. lst November, 1821). His father's name was Sītārām and 
mother’s name Satyabhāmā. He received his elementary education in a Marathi 
School at Nagpur, and in the same city^he studied Bhāskara's Lilavati and 
Bijaganita, under the guidance of Dhundhiràja, a Kānyakubja Brāhmaņa scholar. 
In Saka 1760, L. Wilkinson, the Political Agent at Sihore, was impressed by 
Bapüdeva's proficiency in Mathematics and took him to the Sanskrit College 
(Pathsala) at Sihore for further study. Here he studied Geometry and 
other branches of mathematics under the care of Sewà Rām. Afterwards, 
on Wilkinson's recommendation, he was appointed a ‘teacher of Geometry 
in the Sanskrit College at Varanasi in Saka 1763 (i.e. 1841 A.D.) From that 
po ue d Tu mI E EAM I xu 


* Šivalal Pathak of Vārānasī had compilied a work entitled Siddhānta Manjusā, which 
Was meant to refute the arguments of the Avirodhaprakasa. Similarly, Bālakrsņa, a disciple 
of Sivalal’s younger brother had written a work ^ Dusta-mukha-capetikā ". Both these. 
(works) had been compiled before Saka 1759. : ; 

1 D-G-0./69 13. 
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day he lived at Vārānasī till his death. He became the Head Teacher of 
mathematics in the same College. He retired from service in Saka 1811. 
Afterwards, he died in the month of Vaišākha in Saka 1812, at the age of 69. 


A number of students received their training under his supetvision. He 
became an Honorary member of the Royal Asiatic Society of Great. Britain 
and Ireland in 1864 A.D. and that of the Asiatic Society of Bengal in 1868 
A.D. In 1869, he was made Fellow of the Calcutta University. He was also a 
Fellow of the Allahabad University. In 1878, he received the title of C.I.E., 
and in 1887 that of Mahāmahopādhyāya from the British Government on 
the occasion of the Golden Jubilee of the Queen Empress. The ruler of Jammu 
once awarded him a cash prize of Rs. 1,000 - for having correctly predicted 
a lunar eclipse. 


The works compiled by him were :—(1) First chapter of Geometry 
(2) Part of a work on Trigonometry (3) The controversy about the 
Sayana-system (4) A brief account of the teachings of ancient astronomers 
(5) Eighteen questions on strange subjects with their answers. (6) Tattvaviveka 
parīksā (7) A description of the instruments at Man Mandir. (8) Arithmetic. 
All these works, both small and large are written in Sanskrit and all of them 
have been printed. In addition to these he wrote (1) 20 verses to explain 
the theory of Calculus, (ii) some formulae of spherical trigonometry (iii) useful 
notes on the study of. siddhānta works (iv) The Chedyaka, useful for Yan- 
trarāja, and (v) the Laghu-San ku-chinna-ksetra-guna. These have not 
been printed. His Hindi works on Arithmetic, Algebra and Astrology 
have been printed. He examined the English translation of the Golādhyāya 
from Siddhāntaširomaņi by L. Wilkinson, and he himself translated the Sürya 
Siddhànta. Both these works were prepared under the supervision of Arch- 
deacon Pratt and printed in 1861-62. He also published with critical notes 
the Ganita and Gola, parts of Bhāskara's Siddhànta Širomaņi, in Šaka 1788 
and the work Līlāvatī in Saka 1805.* 


Every year Saka 1797 to 1812, he used to publish an almanac with the 
help of the Nautical Almanac. A description of the Almanac will appear 
hurther in the course of our study of Paficinga. He did not, however, compile 
any work on the method of the computing the Paīcānga. 


NILAMBAR SARMA, Saka 1745. 


He was a Maithili Brāhmaņa, residing at Pataliputra (Patna), four miles 
from the conflunce of the Ganges and the Gandaki. His father’s name was 
Sambhu Nath. He studied under the care of his elder brother, Jeevanāth, and 
later on for some days in the Varanasi Sanskrit College. He was the Head 
A roi at the court of Šiva, King of Alwar. He died at Vārānasī in 

aka 1805. 


He compiled a work ‘Gola P rakāša” in Sanskrit in the western style. Bāpū- 
deva printed it at Vārānasī in Šaka 1793. It contains five chapters. The 
following subjects are dealt with in it :—The conception of sines, the theory 
of (plane) trigonometry and spherical geometry, andthe theory of spherical 


*This account is based mainly on the Ganakatararigini. 
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trigonometry and problems. This work is very useful for those who do not 
understand English. He has written a commentary on some sections of 
Bhāskara's works. His elder brother Jeevanāth, wrote a commentary on 
Bhàskara's Bijaganita and astrological works like Bhāva Prakāša. 


VINĀYAK alias KERO LAKSMAN CHHATRE, Birth Šaka 1746. 
Brief Account. 


Keropant Nànà was one of the renowned scholars who were proficient 
in Western learning and who flourished after the British rule became established 
in Mahārāstra. He was particularly proficient in mathematics, astronomy 
and nature study. There is a coastal village, named Nāgāon,in Astagar Prānt, 
about 26 miles to the south of Bombay. He was born there in May 1824. 
He was a Rīgvedī Citpāvan Brāhmaņa, belonging to the Kasyap gotra. He 
completed his studies of the English language and through that medium, the 
study of Western sciences at the Elphinstone Institute of Bombay. He 
was a pet student of Prof. Arlibar. 


In the year 1840 A.D. an Observatory was built at Colaba, Bombay, to 
observe the celestial phenomena and to test the effects of magnetic attractions. 
When it was inaugurated by Prof. Arlibar, he appointed Keropant as an 
Assistant there. Later, on 7th June, 1851, the Poona Sanskrit College was 
converted into the Poona College ; and after some months, Keropant was 
appointed Assistant Professor to teach mathematics and natural Sciences to 
the Marathi section and the Normal School. He used to teach these subjects, 
in the College through Marathi as well as English. Later ón, the Normal 
School section was separated from the College, and he worked as a teacher, 
and later on, he worked for some years more as Superintendent of the School. 
The Institution was also known in those days as Vernacular College. (It is 
at persent known as the Training College). In those days he used to lecture 
also in the Engineering College on the subject of Natural Science. Some 
time during this period he was the Head Master of the English School at Ahmed- 
nagar. In 1865, he was appointed a Professor of Mathematics and Natural 
Science at the Poona College, where he used to teach these subjects through 
English. The College, later on came to be known as the Deccan College. 
He retired from service in 1879 A.D. He was, qt that time, drawing Rs. 1,000 
per mensem and he received a pension of Rs. 5,000 per year, the maximum 
which a ‘Native’ could receive in those days. In 1877, he received from the 
British Government the title of *Rao Bahadur' on the occasion of the Delhi 
Durbar. He died on 19th March, 1884, at the age of 60. He was popularly 
known as ‘Nana. His lifelong scholarly habits and his inmate goodness were 
the most notable and praiseworthy among his many fine qualities. 


Works. 


About Saka 1772, Nana compiled in Marathi, a work entitled, Graha- 
sādhanācī Kostake (Planetary Tables) with the help of French and English 
works on astronomy, and published it in Saka 1782, (1860 A.D.)*. There was 
"no such work compiled before, either in Marathi or Sanskrit, and hence it 
renks very high among works of similar nature. 


*Krsnasastri Godbole writes that it was compiled on the basis of a work published 
by R. S. Vince in 1808 A.D. 13 
A 
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In this work, the length of the year is assumed to be the same as in the 
Sūrya Siddhānta ; and the positions and motions of planets have been adopted 
on Sāyanā basis. Hence, the planets’ places calculated from this work are 
tropical or sayana. The author has assumed Zeta Piscium to be the junction 
star of Revatī. It coincided with the vernal equinox in Saka 496. We are 
asked to find the nirayana places of planets, by assuming the ayanāmša to be 
zero in that year, and by applying the ayanāmša correction to the sāyana 
positions at the rate of 50'':1 per annum. The whole process amounts to 
the adoption of the correct length of the sidereal year, viz., 365°-15*-23°. 
Adopting this length of the year and 50''2 as the annual rate of precession, 
Keropant Nānā began to publish since Saka 1787 a separate almanac with 
the help of the Nautical Almanac. The late Abāsāheb Patwardhan gave him 
very valuablehelp. It was due to hisencouragement that the above work could 
be compiled and the almanac was published from year to year. The almanac 
was naturally entitled by Nana as 'Pātwardhanī Paūcānga”. The positions 
of planets calculated from Nànà's work is fairly accurate ; but the work and 
the Patwardhanī Pañcāħga are not now in use, and it may safely be said that 


no one follows the almanac. This almanac will be described in more details 
further on. 


Nànà compiled a work on the calculation of tithis on the lines of the Tithi 
Cintamani. It has been printed in Varanasi. No one could be found in this 
province to print it. It is almost unknown in this province, and this work as 
well as the Grahasādhanācī Kostake are both out of print at present.. The 
Graha Sādhana has not adopted the purely sidereal year and the places of planets 
are sayana. Hence, the work, as it stands, is of no use in directly computing 
a Paficáànga belonging to any of the schools, viz. nirayaņa according to the 
Grahalāghava, purely nirayana or purely sāyana. Besides this it requires the 
use of logarithms and trigonometry ; and hence, the orthodox astronomers, 
are unable to make calculations from the work ; and it is doubtful if even half 


a dozen persons could be found among the newly educated people who could 
calculate from it. 


Nānā wrote two books for Marāthī schools. They are :—(i) Physics and 
(ii) Arithmetic. Maharastra can boast of thousands of people who could 
be called his disciples, direct or by tradition. 


VISĀJĪ RAGHUNATHA LELE, Birth Saka 1749. 
Brief Account. 


_ One of the most talented and ingenious astronomers that ever flourished 
1n our country, Lele was born at Nasik, on Friday, the tenth lunar day of the 
dark half of Šrāvana, in Saka 1749 (i.e. 1827 A.D.), the ascendant at birth 
being Capricorn. He was a citpāvan Brāhmaņa of the Hiranyakešī Branch 
of Ka$yap gotra. In his childhood he received some education in the Marathi 
school at Nasik till he was 11, where be learnt arithmetic up to fractions, and 
he received some lessons in Sanskrit while residing with his maternal uncle. 
This was the only education imparted to him by teachers, but owring to his 
perseverance and intelligence he was able to solve mathematical problems that 


would baffle even University graduates in spite of their background of 
English education.* 


ij ee 
*Lele was known to me personally and throughc orrespondence. Most of thisaccount 

has been written on the basis of this personal contact. A sketch of his life was published 

ID the October 1888 issue of the monthly journal Balbodh. : 
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Having passed some years in some trivial employment, he went to Gwalior 
about Saka 1782. He was there employed in the Revenue Department and the 
Accounts Department of Scindia Govt. His Balbodh and Modi handwriting 
was excellent. He was also very good at map drawing ; and not a single mis- 
take was ever found to have crept into his accounts. Having put in 33 years 
service he retired about Saka 1816 and he died at Gwalior in his 69th year, on 
Friday the 6th lunar day of the dark half of: kartika in Saka 1817. 


Sāyana Paficanga 


Many persons feel that the almanac should be sāyana. Many must 
have felt and did actually feel thus before Lele. The thought naturally crossed 
Lele’s mind and he was convinced that the 'sayanaparicanga, alone could be 
said to be in conformity with the tenets of religion. For some days, he 
used to compile a sayanaalmanac for practical use with the help of the Graha- 
lāghava, and later on with that of the Nautical Almanac. But he did not get 
any opportunity for publishing it for some years. He had acquired a working 
knowledge of English that enabled him to compute figures from the Nautical 
Almanac. Keropant began to publish an accurate nirayana almanac from 
Saka 1787 (i.e. 1865 A.D.). From that year Lele carried on a controversy 
with Keropant through the press under the nom-de-plume “Sphutavakta 
Abhiyogī”, (candid combatant) in order to convert Keropant to the Sāyana 
view. Keropant remaincd indifferent and Lele, finding that he (Keropant) did 
not appear to be impressed by the importance of publishinga sayana paiicanga, 
which would conform to the tenets of religion, began to publish independently 
a sāyanaalmanac with the help of other co-workers from Saka 1806. We 
shall have to revert to this almanac later on in the chapter on Paūicārga. 


Lele did not compile any work from which to compute a sàyanapaficanga, 
and hence, the task of popularizing it is a matter depending upon outside 
factors. 


CINTAMANI RAGHUNATHA ĀCĀRYA 
(Birth Saka, 1750) 
Brief Account. 


He was for 17 years the First Assistant in the Astronomical Observatory 
at Madras. Cintāmaņi Raghunātha Ācārya was an authority in the Madras 
Presidency just as Keropant was in this province and Bāpūdeva in the region 
around Vārānasī. He was born on the 6th day of the PANGUNI month of 
the Sarvajit Samvatsara in Saka 1749, according to the solar reckoning, or on 
the 2nd lunar day of the bright half of Caitra of Saka 1750, by the luni-solar 
reckoning i.e.,on 17th March, 1828. His mother tongue and the birth region 
appears to be Tamil (Dravid). He has himself written that he did not under- 
stand Sanskrit. Still he had a very sound knowledge of European astronomy 
and mathematics, and hence, that of Indian astronomy also. He actually 
used to take observations for a number of years. He was very well known in 
that respect. He was a Fellow of the Royal Astronomical Society in England 
Since 1872. In 1847, he entered service in the Madras Observatory and he 
remained there till the end. He died on 5th of February (i.e. Pausa) in Saka 

801, in his nd year. He belonged to a family of āstronomers. His father 
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also had baen an Assistant in the Madras Observatory. A catalogue of stars 
has been compiled by the Madras Observatory, for which observations of 
many of the stars were taken by Cintàmani himself. He discovered two 
variable stars in 1867 and 1878. He was the first Hindu astronomer whose - 
name is associated with a discovery of this nature. 


Works etc. 


He compiled a work entitled Jyotisa Cintāmaņi. It consists of three parts. 
The first deals with mean motions, the size and magnitude of the earth and other 
planets etc. The second is devoted to their true places and motions and the 
third, entiled ‘Karana paddhati’, contains tables for planetary calculations. 
This work appears to have been compiled in the Dravidian (i.e., Tamil) language 
originally. A meeting was held in Madras in 1874 A.D. and the decision taken 
to arrange to publish its Sanskrit translation in the Tamil, Telugu and Devana- 
gari scripts. It was estimated that the cost of the publication would be 
Rs. 7,000 for 500 copies, the whole work comprising about 800 pages of demi 
octavo size. The book however, was never printed.* 


He used to publish an almanac, entitled Drgganita Paūchāiga with the help 
of the Nautical Almanac. The author has seen an almanac for Saka 1808, pub- 
lished after his death by his two sons. It seems to have adopted 22^5' as the 
ayanāmša and the length of the year as given in the Surya Siddhānta. The 
elder son C. Rāghavācārya died about Saka 1811. His younger son and 

- brother-in-law, P. Rāghavācārya, the First Assistant in the Madras Obser- 
vatory, jointly publish the almanac at present. 


KRSNA SASTRI GODBOLE, Birth Saka 1753. 
Brief Account. 


*He was a Citpāvan Brāhmaņa, belonging to the Hiranyake$i branch and 
of the Kaušik gotra. He was born on the 10th lunar day of the dark half 
of Srāvana, Saka 1753 (i.e., on lst September 1831) at Wai. He studied, in the 
beginning, in a Marāthī school at Poona and then at the Sanskrit Pāthšālā 
and the Poona College. He had a liking for mathematics from his very child- 
hood. Atthe Sanskrit college he studied astronomy under the care of Sankar 
Jošī. On the 19th of October, 1855, he was appointed a teacher in the Normal 
School of the Poona College. There he mainly taught mathematics. For 
some time during 1864-65, he had been appointed in the Colaba Observatory, 
Bombay. In 1865 he was again appointed in the Poona Training College. . 
In 1866, he was transferred to the Hyderabad High School, Sind, and in 1867 ` 
to a High School at Karachi. In 1872, he worked as Asstt. Teacher in the | 
Poona High School and later on for some days more in the Elphinstone High 
School, Bombay. Later on, in the same year, he was made the Head Master. 
of the Anglo-Marāthī School, Phanaswādī, Bombay, and he remained there . 
till March, 1882. Later on, he began to reside in his home at Poona, after 


*In 1874, there was a transit of venus across the disc of the Sun. Raghunātha Ācārya 
had got its calculation published in several languages. His pamphlet in English contains 
an account of this laborious task. The auther has given the accont of Raghunàtha 
Ācārya, mainly on the basis of this pamphlet and also from the information published 
n newspapers and sent to him by the well-known Nateé Sastriof Madras. 
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his retirement from Service. He died on 22nd November, 1886. While he 
was in Sind, he studied the Sindhi language thoroughly and learnt even Persian. 
He used to be an examiner for the Sindhi language, in the Bombay Univer- 
sity, from 1871 to 1879. 


Works. 


He and Wàman Krsna Josi Gadre, jointly translated the Grahaiāghava, 
with examples, into Marathi and published it in Saka 1778. It is aimost a 
translation of the Vi$wanathi commentary. A second edition of this work 
is now published. Krsna Sastri has also written a book on the theory under- 
lying the Grahalaghava in Marathi and it is learnt that he has corrected in it 
the errors in the Mallārī commentary. It is worth publishing. In addition to 
this, a short article of his, on the history of astronomy, written about Saka 
1807, has come to the author's notice. The Jyotisšāstra, a Marathi book 
written on the basis of Chambers's book in English, was printed and published 
in 1862 A.D., but it is not now in use. A Marathi translation of Hudson's 
Algebra, had already existed ; he published it in 1854, after correcting it. 
It was in use in the Education Department for several years. In 1874 A.D., 
he and Govind Vithal Karkare translated in to Marāthī four parts of Euclid's 
geometry. Before this date, a Marathi translation of Euclid’s geometry by 
Nānāšāstrī Apte was in use in schools. Later on, from 1885 A.D. the book, 
by late R.M. Devakule, came into use. In 1882 A.D. Krsna Šāstrī published 
an article entitled “‘Antiquity of the Vedas” in the Theosophical magazine 
and also got it printed separately. The author does not think that it contains 
any evidence on the strength of which it could be proved beyond doubt that 
the Vedic period was more ancient than 1200 B.S.(beforeSaka). He attem- 
ted to prove that the antiquity of the Vedas extends beyond 30000 B.S., by 
interpreting the line “māsānām Mārgašīrsoham” from the Gita, as indicating 
that “the equinox used to occur in Mārgašīrsa”. He published a book on 
Arithmetic in Sindhi in 1869 and a good book on Marathi Grammar also in 
Sindhiin 1867 A.D. Its popularity is proved from the fact that it went through 


its third edition in 1895*. He also published in 1868 A.D. a book on the 
Sindhi language. , 


He had once published his view that the calculation for the five parts of 


the Paficahga should be made on the basis of the mean places of the Sun and 
the Moon. 


Wāman Krsņa Gadre, referred to above, published in Saka 1791, a work 
entitled Pafcanga-sadhana-sar. Yt contains a Marathi translation of the 


Laghu Cintāmaņi, along with examples. The tables, however, contain a good 
many errors. 


Living Authors of Astronomical Works, 


1. Venkateš Būpūjī Ketkar :— 
iste date :—Friday, the 14th lunar day of the bright half of Pausa, Saka 


*This has been printed by Ananta Krena, the son of the Sastri, who has given in it, the 
biography of Krsņašāstrī. The above account has been given on the basis of the biography 
as well as the information collected by the author. 
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He is a Rlgvedī Citpāvan Brāhmaņa belonging to Gārgya gotra. He is 
working as a teacher in the Education Departmentin this province since 1874 
A.D. He has been the Head Master of the English High School, at Bagal- 
Kot, for the last several years. He received most of his education at Belgaon. 
His father also was a good astronomer. He had rendered into Sarskrit 
Keropant's Planetary Tables, but it was not printed. For the last five or siX 
generations the family had been living at Paithan. But Bāpī left the place for 
Nargundās and later on shifted to Rāmdurgās. He hadthe patronage of the 
Chief of that State. 


Venkate$ compiled a very useful work in Sanskrlt, entitled "Jyotir- 
gahita" about Saka 1812. He has adopted in it, Saka 1800 as the epochal year. 
This has been compiled on the basis of those French works which are being 
used in compiling the Nautical Almanac. The planets’ places, calculated with 
the help of this work, are very accurate, in fact they are correct within 1’ as 
compared with those of the Nautical Almanac. "Never before has such a work 
been compiled in this province, not even in our country. This work has 
adopted for the length of the year the correct value of the sidereal year viz. 
365d-15-22-53 and 50'2 (the actual value) as the annual rate of precession. 
Assuming Zeeta Piscium to be the junction star of Revati, he has given its 
sā yana longitude, or in other words, the ayanāmša for the Saka year 
1800 as 18° 10’ 25”. The author had suggested to him to adopt for the aya- 
nāmša a figure approximately equal to that of the Grahalághava. A star 
whose longitude would be equal to it could have been adopted as the initial 
point. But even Ketkar has come to realise the fact that the ayanāmšas 
can be nearly equal to those of Grahalāghava, by assuming 180° as the longitude | 
of the star Citrá (Spica). In short, if he had assumed 22* as the aproximate . 
ayanāmša for Saka 1800, the author feels that Ketkar's work would have 
easily come into general use. The work mainly consists of four parts. The 
first coniains the calculation of the almanac. The epochal positions are all 


given for the moment of the true Aries Ingress. The second part treats of the - 


calculation of the places of planets. It includes the mean and true longitudes 
of planets, the right ascension, longitudes of star etc., heliacal rising and ` 
setting of celestial bodies, and other subjects. The third contains the calcula- 
tion of phenomena like eclipses, conjunctions, elevtaion of moon's cusps. 
The fourth contains the calculation of the ascendant etc. required in the case 
of three problems. The treatment of each subject has, everywhere in the 
book, adhered to the following order :—Method, example, tables and then 
the theory. The work contains tables for almost all calculations, and the 
calculators who do not understand the use of trigonometry and longarithms 
can easily make calculations from the book. Keropant's almanac can be 
compiled with the help of this Book. This book has not been printed 
as yet. i 


(2) Bal Gangūdhar Tilak 


_ (Date of birth :—Wednesday, the 6th lunar day of the dark half of 

Asádna of Saka 1778, the ascending sign being Cancer.. He is familiar 
not only in this country but even in fereign lands. He was for many 

MTM the Chief Professor of mathematics and astronomy in the Fargusan 
ollege. 
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He wrote a book in English entitled ORION, in 1893 A:D. (Saka 1815) 
in which he has discussed in an accurate and elaborate manner the question of 
date of the Vedas and shown that some of the Vedic hymns were compiled 
when the vernal equinox was situated in the Orion group of stars, that is, about 
4000 years B.S. 


(3) Vināyak Pāndurang Khānāpurkar :—(Birth in Saka 1780). 


He was a Rigvedi Dešastha Brāhmaņa, belonging to Jamadagnya gotra 
and a resident of Khānāpur, in Sātārā district. He has studied Sanskrit, 
astronomy and other subjects in the orthodox manner and also European 
mathematics and astronomy ünder the guidance of Keropant Nànà Chatre 
and Rāoji More$war Devakule. An Association known as the Veda-Sastro- 
ttejak-sabhà was started in Poona from Saka 1796 and he was examined by 
the Association in the subjects of Indian Astronomy and Sanskrit Grammar. 


He has compiled a tajak work, entitled Vaināyakeeya Dwādašādhyāyī, 
by which the annual reading of a horoscope can be given with ease. He has 
similarly written the following books in Sanskrlt :—The Kundasār ; the 
Ardhakanda, a versified Sanskrlt translation, of the general enunciations of all 
theorems in the two parts of Euclid's Geometry, and the Siddhāntasār. In 
the last named work, he has explained the question of the movement of earth 
etc. according to the modern European view. He has translated into Marāthi, 
Bhāskara's Līlāvatī, Bija and Golādhyāya, adding an explanation of the theory 
and he is at present translating the Gaņitādhyāya. These works are not yet 
printed. 


(4) Sudhākara Dwivedi :—(Date of birth :—Monday, the 4th lunar day of 
the bright half of Caitra, Saka 1782). 


He is at present the Head Teacher of mathematics and astronomy at the 
Sanskrit College, Varanasi. He was appointed in the place of Pandit Bāpūdeva, 
after his retirement in Saka 1811. He was formerly the Chairman ofthe Library 
Committee in the same College. The title of Mahāmahopādhyāya has been 
conferred on him by the British Government. 


The following are the Sanskrit works compiled by him:—(1) The Dir- 
ghavrttalaksaņa (Saka 1800). The author described in details the properties of 
the ellipse, along with its theory; (2) the Vicitra Prasna (Interesting problems), 
Sabhang, in Saka 1801. This contains 20 difficult problems in mathematics, 
along with their solutions; (3) the Vāstava Candra Šrngonnati-sādhana. After 
pointing out the defects in the calculation of the elevation of the moon’s cusps 
by the methods advocated by Lalla, Bhāskara, Jūyānarāja, Ganesa, Kamalakara 
and Bāpūdeva, he has given in this, the correct method of calculating it ac- 
curately with the modern methods of European astronomy. This contains 92 
verses; (4).the Dyucara Cara (Saka 1804). This contains a discussion of the 
orbital paths of planets according to modern European astronomy; (5) Pinda- 
Prabhākar (Saka 1807). This is a work devoted to the subject of house buil- 
ding; (6) the Bhübhramarekhanirüpana. This is devoted to the consideration of 
the subject of ''Süci-Chedana" corresponding to a given shadow; (7) the 
Dharābhrama: It considers the diurnal rotation of the earth; (8) the Grahana 
Karana. This describes the method of calculating an eclipse; (9) the Goliya 
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Rekhāgaņita i.e. Spherical Geometry; (10) A Sanskrit translation of the 6th, 
llth and 12th books of Euclid, in verse form, and (11) the Ganaka Tarangint 
(Saka 1812). Jt contains a history of Indian astronomers. It was, in the 
beginning, published in Pandit, a monthly journal of Varanasi. It was pub- 
lished separately in book form later on in $aka 1814 and containts 124 pages 
of octavo size. Most of the remaining works have been printed. The follow- 
ing are the commentaries edited or written by Sudhákara :—He edited the Yan- 
trarāja in Saka 1804, along with the commentary, Pratibhā Bodhak, dated Saka 
1795, as also the commentary by Malayendusüri. He published Bhaskara’s 
Līlāvatī, with a new theory and certain special features in Saka 1800. He also 
published Bhāskara's “Bija” with a new commentary. He wrote a commentary, 
*« Vàsana Vibhüsana" on Karaņa Kutühala, which was printed in Saka 1803. He 
wrote in Saka 1810, a commentary named ''Paicasiddhantika Prakāśa on 
Vàraha's Paficasiddhàntika. The work containing the commentary, along with 
an English translation of the original by Dr. G. Thibaut, the then Principal of 
Vārānasī Sanskrit College, was published in 1889 A. D. All these commen- 
taries are written in Sanskrlt. In addition to these, he edited and published the 
‘Chadak Nirņaya” by Krsna, *Siddhāntatattva-viveka” by Kamalākara and 
**Dhivrddhida tantra” by Lalla, in the Saka years, 1806, 1807 and 1808, res- 
pectively. He is at present engaged in getting the revised edition of the Brhat 
Samhita with Utpal Tika through the press. He has compiled a work, “‘Bhasa 

bodhaka", in Sanskrit, about (the teaching of) a language. He has written 
two books in Hindi, on Mathematics, entitled Calan Kalan i.e. Calculus, and 

has also compiled a Hindi Grammar. 


The Ganaka Tarangini by Dwivedi is on the whole a useful work. From 
this and from all his other works his profound knowledge of Indian and Euro- 
pean mathematics and astronomy becomes evident. Still, he has, at places, 
passed some baseless and fantastic remarks in the Gaņaka Tarangini such as the 
following :—‘‘Aryabhata introduced the system of denoting numbers, by a new 
code with a view to keeping secret the numbers of revolutions and other elements 
which he secured through the favour of some Greek scholar whom he revered 
as a deity’, or ‘Bhaskaracarya has described the origin of jya at the end of his 
work, without explaining the underlying theory. Itcan be surmised from this 
that he learnt from some Greek traveller only the method and not its theory’. 
He has the ability to compile a work in Sanskrlt on the lines of the French 
works, which are being used in compiling the English Nautical Alamanac. It 
is desirable that he should compile one himself. 


FURTHER INFORMATION ABOUT AUTHORS AND WORKS 
BELONGING TO PERIODS PRIOR TO SAKA 950 


After about 250 pages of the present work were printed, the author came- 
across two or three books not seen before, which contains information about 
some astronomical works and he proposes to give here extra information 
collected from them. Mahomed of Ghazni had brought to India a Muslim 
scholar, named, ABU AL REHAN MOHOMED BIN AHMED AL BERU NI. 
He was born at Khiva in 973 A. D. He became a Minister to the King of that 
State. Later on, the province was conquered by MAHMUD and BERUNI was 
brought to India, as a man under surveillance. Beruņī lived in India from 
1017 to 1031 A. D. He wrote a work in Arabic, entitled INDICA, about the 
year 1031-32 A. D. (i.e. Saka 953). It contains a description of several sciences 
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then known in India. Beruņi had learnt Sanskrit and had studied several 
works written in Sanskrit. He had paid special attention to astronomy and 
translated some astronomical works into Arabic. Edward C. Sachau, a 
Berlin Professor has translated his work, “Indica” into English. It has been 
published in two volumes. The author gives the information gathered mainly 
from this work about authors who lived before Saka 950. i 


SPREAD OF HINDU ASTRONOMY AMONG MUSLIMS 


The Sind province was underthe control of the Caliphs of Bāghdād for 
someyears. During the reign of Caliph MANSOOR (153 to 774 A. D.) some 
ambassadors were sent to his court by the ruler of a State in Sind in 771 A.D. 
Thty were accompanied by some astronomers. It was at the hands of these 
astronomers that some astronomical works in Sanskrit were translated into 
Arabic. A Hindu astronomer was staying at Bāghdād in 778 A. D. During the 
reign of Caliph Haroun (786-806 A. D.) alsosome Hindu works on medi- 
cine and astronomy were translated in Arabic. It appears that in those days 
Brahmagupta's Brahma Siddhānta and Khaņdakhādya had already been 
translated and independent works were compiled in Arabic with the help of 
different Sanskrit astronomical works. 


The Arab astronomers AL FAZARI, YAKUB-BIN-TARIQUE, and ABU 
AL HASAN, lived in the latter half of the 8th century A. D. They compiled 
astronomical works in Arabic with the help of the Indian astronomers referred 
to above. These works are not at present available; still Beruņī had with 
him the works written by these three astronomers. He has often referred to the 
works written by the first two. Those works contained several of the follo- 
wing subjects usually found in Sanskrit works, viz. measures of time, num- 
bers of the revolutions of planets in Mahāyuga or Kalpa ; lengths (in yojanas 
of planetary orbits, calculation of ahargaņa for finding the mean positions) 
of planets ; sines of angles ; rising and setting of planets ; first visibility of the 
moon, etc, The Arabs first learnt astronomy from the Hindus and then they 
came to know of Ptolemy's work. Al Fazari was the first to teach Hindu 
astronomy to Mahomedans. The Khaņdakhādya had already been translated 
into Arabic when Yakub compiled his work. That translation may have 
been made by A1 Fazari. 


THE PULIŠA SIDDHĀNTA.— 


Beruņī had this Siddhānta with him together with a commentary on it. 
He was translating it into Arabic. He has given the number of revolutions of 
planets and those sāvana days in a Mahāyuga, etc., as mentioned by Puliša, 
andthey agree entirely with those cited by Utpala as belonging to Pulise 
Siddhanta. These numbers have been mentioned before (page 18). They 
do not contain the numbers of the revolutions of Rāhu and moon's apogee 
which have been given by Béruni as 488219 and 232226 respectively. Thi 
longitude of the sun’s apogee has been stated to be 80°. Beruņī states that thi 
Pulisa siddhānta describes the yuga system according to the Smrtis, but i 
gives 1008 as the number of Mahāyugasin a Kalpa and 14 Manus consisting o 
72 Mahàyugas each. The ‘twilights’ (Sandhyàs) and ‘semi-twilights’ (San 
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dhyānšas) are, of course, absent, and the Yuga is supposed to begin at midnight. 
Hesays ‘‘I think that Puliša siddhānta is the name given after Paulis, the Greek 
resident of the city of Saintra, and that Saintra is the same as Alexandrià." 
But he also observes that the Greeks had no yuga system among them. It 
clearly shows that Utpala's Puliša siddhanta was widely used at the time of 
Beruni. 


ARYABHATA I* :—Beruni cites the numbers of revolutions of planets 
given in Abu-al-Hàsan's work and most of these tally with the numbers given 
by Aryabhata I ; and those that do not differ probably through the errors of 
copying. Beruni had with him some part of the work Aryabhatiya and its Arabic 
nu This translation must have been made during the’ reign of Caliph 

ansur. . 


VARAHA MIHIRA :—Beruni has given Saka427as his date. Beruni had 
translated his works Brhatsamhitā and Laghujātaka into Arabic. The com- 
mentary on the Brhajjataka by Balabhadra has been referred to by Beruni. 
Sudhākara writesthat Varaha's works Yoga Yatra’ and Vivāhapatal are available 
at Varanasi. According to Utpala, there was a work entitled ‘‘Samasa Samhitā”” 
by Varāha. It may have been an abridged version of Brhatsamhita, 


BRAHMAGUPTA :—On the basis of Beruni's works, Prof. Sachau 
observes, *'Brahmagupta occupies an important place in the history of oriental 
culture. Brahmagupta taught astronomy to the Arabs before they came to 
know of Ptolemy's works, since, references to the works ‘Sindhind’ and 'AI- 
Arkand' frequently occur in Arabic literature ; these. are the translations of 
Brahmagupta's works, Brahma Siddhanta and Khaņdakhādya”. The tran- 

: Slations may have been made during the reign of Caliph. Mansur, and it 

. appears from this, that Brahmagupta's works had a wide spread influence 
in the Sind Province. Beruni has repeatedly referred to Balabhadra’s com- 

: mentary on Khaņdakhādya. Beruņī had translated Brahma Siddhanta 
and Khandakhadya into Arabic. He observes that the Arabic translations 
made before his timé were not correct. These translations have not been 

: available. so far. Beruni had lived mainly in Sind for a good many years. His 
remarks, at several places, show that Brahmagupta's works had a great influ- 
ence in that province in those times. 


LALLA:— The author of the Ganaka Tarariginī also gives Saka 421 as his 
„date. But it has aready been proved (page 94) that it is wrong. Bhās- 
karācārya has, in the Golādhyāya, quoted Lalla's verse on the calculation of 


.. * (Beruni has referred to the Aryabhata of Kusumpūr and to another Aryabhata who 
dived earlier. The author could not obtain the work of the older one, but Beruņī remarks 
that the Aryabhata of Kusumpür was his follower. Both of them have been referred to by 
Beruni at 30 places. After reading ai! those passages, it is found that the description com- 
„pletely applies to the first of the two Aryabhatas formerly described (page 51 and 95) 
„The number of reyolutions of planets and such other matters referred to, by Beruni as to 
‘differentiate one from the other very cleariy, do not apply to the second Āryabhata, and he 
i was not the follower of the first. From this it follows that the two Aryabhatas referred to by 
Beruni are in fact, one and the same person. Even Prof. Sachau, did not note this fact 
| Pointed out here. The second Aryabhata who figures in the auhors account, may have lived 
„before Beruņī, and although it is evident that his work was not seen by Beruņī, it appears , 
i that he laboured under a misunderstanding due to hearsay reports about the existence of two 
Āryabhata. This leads to the inference that Aryabhata II, may have lived only a century or 
a half before Saka 950, and confirms the author’s former estimate of his date., 

i 
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the area of the surface of a sphere and refuted the method suggested in it. 
This shows that Lalla may have written a work on arithmetic. Sudhākara 
says that, he may have a work to his credit even on algebra. Beruni's works 
contain something or other by way of description of famous astronomers who 
tlived before $aka 950; but they do not mention Lalla's name even once. It 
shows that at least till Saka 950, Lalla's works were not well known in Sind, 
Punjab, Kashmir, even the major part of Northern India. From this and from 
the fact that the first Arya Siddhānta, as modified by the application of Lalla’s 


cor rections, was in use in the Deccan, he appears to have been a resident of the, 
Deccan. 


SRIDHARA :—His work on arithmetic, known as “‘Triśatikā” *consisting 


of 300 couplets, is in the Government Library, Vārānasī and it has been re- 
marked in the very beginning of the work : 


«at fara vafaxfwaurear fre areas | pagn Sae staram: 1 


*Sridharácarya, after saluting God Siva, compiles for the benefit of the 
public, this work which contains the gist of his (earlier) work on ‘Patiganita’. 


This means that Sridharacarya must have compiled a second work on 
Arithmetic which was larger than the Trisatikā. The Trisšatikā used 
many unusual terms like stambhoddeša for i$stakarma (unitary method), pratyut- 
panna** for guņākār (multiplication) etc. which are different from those used 
in Līlāvatī. It includes chapters on both arithmetic and mensuration. There 
is a work named Nyayakandali on logic, and its author's name also is $ridhara. 
The work was written in Saka913. Authorsof works other than astronomical 
do not generally mention their dates. It appears from this, says Sudhakara,that 
the author of Trišatikā and Nyāyakandalī is the same one person. Baldeva 
was the name of the author of Nyāyakandalī and his mother, Abvokā. The 


village of Bhūrisrsti in the territory of Daksinarādhā was his place of 
residence. 


Bhatta Sridhara compiled the work Nyāyakandalī on the request of Pāņdu- 
das. This account, however, is not given in the Trisatika ; and the date of 
Šrīdhara, the author of Pātīgaņita, as established from the date of Mahavira 
above (page 95)is more reliable than that inferred simply on the basis of 
thesimilarity of names. Mahavira has quoted Sridhara as follows :— 


AE TAA Y WP Kaut qup: CENT |i 


It is true that as the line is in ‘anustup’ metre it could not have occurred in 
Trīšati which is ccmpiled in Ārya metre ; still it may have been borrowed from 
Sridhara's larger work on Pātīgaņita or from his algebra. The Aufrecht Cata- 
logue mentions *'Trisatigaņitasāra”” as a work by Sridhara. It appears from this 
that Sridhara’s work Ganitasára, procured by Colebrookeand the Trisatr men- 
tioned by Sudhākara are one and the same work. There is another work, 


Jàtakapaddhati attributed to Sridhara which may have been compiled by 
"Šrīdhara, the author of the Pātīgaņita. 


* This has been stated chiefly on the basis of the Ganaka Tarangini. 
** The term prtayutpanna is found in Brahmagupta's works. 
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BRHANMANASA KARANA:—According to Beruni, the auhor of this work 
is Manu, and the work has a commentary by Utpala and it was reproduced in an 
abridged form under the name of Laghumānasa by Munjāl. As the Laghu- 
manasa belongs to Saka 854, Brhanmànasa may have been compiled about 


Saka 800. 


BALABHADRA:—Beruni has given several quotations from his works 
„Or his commentaries. According to Beruni, he had compiled works on each 
of the sections ““Ganita, Samhita and Jataka’’, and had written commentaries 
on the Khanda Khādya and the Brhajjataka. The work on *'ganita" has been 
called a *tantra” by Beruni, which indicates that it advocated the calculation of 
ahargana from the commencement of Yuga. The quotations given by Beruņī 
show that there was also a commentary by Balabhadra on Brahmagupta's 
Siddhānta. Beruni has given quotations from the commentary on the “yoga- 
Sastra’ of Patanjali, and Prof. Sachau infers that the passages were written by 
Balabhadra as is indicated by the context; and as the major part of the passages 
is devoted to questions of astronomy, the inference seems to be correct. Bala- 
bhadra's works mentioned the latitudes of Kanauj and Sthàne$war, which indi- 
cates that he may have been a resident of that area. His date appears to be 
about Šaka 800. 


KARAŅASĀRA BY VITTESWARA (Saka 821) 


Vitte$wara, son of Bhadatta (or Midhatta) had compiled a work called 
Karaņasāra. It has adopted Saka 821 as the epochal year. According 
to Beruni, Vitteswara was the resident of Nagpur. His work mentions 
34°-9' as the latitude of Kashmir ; and it refers to the motion of the Sap- 
tarsīs (the Greater Bear), on which the popular system of reckoning time, 
currentin Kashmir, is based, and from this I feel that he may have been a resi- 
dent of Kashmir. The Karaņasāra described the method of calculating the mean 
longitudes of planets from the epochal planetary positions given for the 
moment of the mean Aries Ingress. Beruni has given the method (mentioned 
in the work) of finding the tithi at the moment of mean Aries Ingress (tithi- 
$uddhi) in terms of degrees, which can be explained if the number of revo- 
lutions of the Moon in a Mahàyuga be assumed to be 57753336. This number 
is given in the Sürya, Siddhānta the Pulisasiddhanta cited by Utpala, and the 
First Ārya Siddhānta Beruni had with him the Arabic translation of the work 
made by some one else before his time. The Aufrecht Catalogue does not 
mention this work atall. From this it seems that it is not available anywhere 
now. There lived one Vate$wara who was the author of some astronomical 
works ; and this Vitte$wara mentioned by Beruņī may have been the same as 


Vateswara. 


LAGHUMANASA BY MUNJĀL (SAKA 854):—Munjāl was a resident of 
the Deccan. He compiled Laghumānasa which was an abridged version of - 
Brhanmānasa. Beruni observes that it has adopted 6°-50° as the ayanāmša 
in Saka 854 and 1’ as the annual rate of precession. From this, according to 
Munjāl's view, the zero precession year comes to Saka 444 elapsed. Beruni 
has stated the name of the author to be something like ‘Punjal’. The author 
of the Ganakatarangini writes, I have seen Laghumānasa, a short work of 60 
verses in ‘anustup’ metre. It belongs to Saka 854. The work does not men 
tion Munjal’s name explicitly, but contains at the end the line ‘thus ends (the 


JYOTISHA SIDDHANTA PERIOD 191 


Work) compiled by Munjal Bhatta'. Colebrooke has recorded the dates* 
Of some astronomers as furnished by the astronomers at Ujjayini, according 
to which the date of Munjātis Saka 854. Bhāskarācārya has given the 
equinoctial motion as mentioned by Munjāl. This shows that the author of 
Laghumanasa referred to by Beruni, is Munjāl himself. MuniSwara has given, 
in his commentary called Marici, the following quotation from Munjāl :— 


TIA qè matararaa ateafaari i 
qata ragi wert PsRTZSeq |! 
fasaani saia mfa RN E: | 
FTA Trad Tea AT: NT: N 
TTT APT ARSA | 

qa a TOT rifam farara Tia | 
faf&sztadfireqera aja dwafi | 

aarm: wed liaan tee&te FAA: N 


«While the celestial bodies move in the sky from north to south and again 
from the south to north, a very small variation takes place in their declination. 


The (ascending) node in which the celestial equator and the ecliptic in- 
tersect is the First point of Aries, Mesādi and it gives the ‘East’. The second 
node is the first point of Libra (Tulādi), and these two points never change 
their declination value (which is zero). 


The first point of Cancer (Karkādi) is at a distance of three signs (i.e. 90° 
and after a distance of three signs more, comes the position of the first point 


of Capricorn (Makarādi). These give the positions of maximum declination 
which is 24 degrees. 


The solsticial points (which mark the junctions of ayana's) show a move- 
ment, and the number of their revolutions in a Kalpa is counted as 199669.” 


These verses are in Āryāmetre, and they mention the number of revolu- 
tions of the 'ayana point” during the Kalpa, which is uncalled for in a Karaņa 
work. The author of Ganaka Tarangini states that these verses are not found 
in the copy of Laghumānasa which is composed in 'anustup' metre. In the 
beginning of Laghumānasa there are the following lines **:— 


Stan faeracemrat ATTELS faeit: 11 TTS CHT THOT TATA N 


**Bharadwaj, the best of Brāhmaņas was well known like the sun giving light. 
] compile another Laghumanasa work which would give accurate results.” 


It appears from this that Munjāl had compiled another work named Māna- 
sakarana. But Beruniobserves that the author of Brhan Mānasa was one. 
Manu. It is not known if the above verse should be interpreted as **Murjal 
after compiling a work Laghumanasa, compiled another work 


* Essays Vol. I, page 461. 


** The description of Laghumānasa given hereafter is based on Ganakatarangini. The 
author of the Ganaka Tarangiņī has mentioned the date of Laghumānasa, at some places 
as Saka 854 and at some others as Saka 584. The figure 584 is clearly an error due to over- 


sight, as can be seen from the word ‘‘Krtesvibha”’ (854) occurring at two places in the work 
às Saka number and from other proofs also. 
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Laghu laghumānasa (i.e. a shorter version of Laghumānasa than the one exist- 
ing before)" The above ‘aryas’ may form Munjal's second work entitled 
*Laghumānasa” or Munjal himself may have been the author of Brhan Manasa 
and it might have contained these verses. 


The work Laghu Manasa contains epochal positions of planets true for the 
noon of Sunday, the first lunar day of the bright half of Caitra, Saka 854 
(elapsed). The planets’ places are to be calculated from the ahargana. It 
contains 8 chapters dealing with the following subjects :— mean places, true 
places, tithi, three problems, conjunction of planets, solar eclipse, lunar eclipse, 
and elevation of moon's cusps. The above verse states that Munjàl was a 
Brāhmaņa, belonging to Bharadwāj gotra. It is a very important point to note 
that no available ‘human’ (paurusa) work compiled before Munjal's time, 
explicitly mentions the motion of the 'ayana'-point. Munjāl has mentioned 
a special correction to be applied to the true place of the moon, which is not 
to be found in any other work. This shows that Munjál was a remarkably 
ingenious research worker. 


The Government Library, Vārānasī, has an incomplete copy of Laghu- 
mánasa containing solved examples. Ir these examples, the Saka 
year 1494 has been adopted and the ‘Dhruvaks’ have been given for $aka 
1400. The correction cue to ascensional difference and other corrections are 
applicable with respect to the town of Kampilya. According to Sudhākara, 
the author of this commentary may be Parame$wara, the author of the com- 
mentary on Aryabhatiya, since the statement that “a commentary has been 
written on Laghu-Brhan Mānasa” occurs in the commentary on Āryabhatīya. 
But this is not probable, because, the author thinks that Parame$war belonged 
to Malabar. The above ‘example’ shows that Laghumānasakaraņa was 
in use till Saka 1560 in some territories. 


ARYABHATA II :—It has already been shown (page 188, footnote) that 
he lived before Beruņi. 


PRTHU SWAMI :—Beruni writes, *Prthudak Swami is the author of 
some astronomical work ; but the name of his work is not known to me." . 
It shows that the commentaries written by Prthudak Swami were not well known 
in the times of Beruni at least in the Sind Province. Beruni has quoted a 
passage from the work of Áryabhata of Kusumpur to the effect that Prthudak 
Swāmī adopted 120 yojanas as the distance of Kuruksetra from ujjayini. Since 
none of the, works of the two Āryabhatas mention Prthudak's name, it seems 
that this may have been a passage from a commentary on Aryabhata’s works. 
(It appears at many places that Beruni was led to believe that the matter 
occurring in the commentary, belonged to the originaltext.). The commentary 
existed before Beruni and Prthudak lived earlier than the commentary. From 
this his date may prove to be somewhat between Saka 850 to 900. 


BHATOTPALA :—Beruņi has mentioned some works of this author in 
addition to those enumerated by the author (page 101). They are :—The 
Karaņaworks—Rāhunnakaraņa and Karanapata, and a commentary on 
Brhan Mānasa. The names of Karana works appear to be curious and the 
two Karanaworks could not possibly have been compiled by one man. Evi- 
dently there was some misunderstanding on the part of Beruni. He says 
that Utpala had compiled another work, $rüdhava by name ; there seems to 
be some error in the name of the work. Beruņī has quoted measures of time 
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etc. as given in these works. He writes that there were still other works named 
rüdhava. He has given some idea of the questions dealt with in them, which 
suggest that these may be some works on ‘omens’ or on horāry astrology. 
KARANA TILAK BY VIJA YANANLĪ (Saka 888) 


Beruņi says that Vijayanandī, the commentator, who was a resident of 
Varanasi, compiled the work Karaņa Tilak. Beruni has described the methods 
of calculating ahargana given in the work, the calculation of mean places 
from ahargaņa, finding the discs of the Sun and the Moon for calculating 
eclipses, calculation of Mahāpātaetc. It contains subjects similar to those of 
the Graha Lāghava, the epochal positions given are true for the first lunar 
day of Caitra Sukla, Saka 888. Dr. Sehram writes in his notes that the method 
of calculating the ahargana is similar to that of the Puliša Siddhānta. Vijaya- 
nandi remarks that stars like Dhanistha and Uttarābhādrapadā do not set 
even when they are in proximity to the sun. The Aufrecht Catalogue does 
not mention this Karana work. It seems that this Karana work is not at 
present available anywhere. The Vijayanandi referred to by Varāha Mihira 
was much more ar cient than this Vijayanandi. 


BHANUBHATTA-BHANARJU—He has, according to Beruni, compiled 
a ‘tantra’ work, named Rasayana Tantra, at d a Karaņa work entitle d, Karana 
paratilak. Prof. Sachau believes that the author's name may be pronounced 
as Bhānuraja or even as Bhanuyaša. Varuņ's commentary on Khandakhadya 
(Saka 962) has borrowed.some Anustup verses, from Bhānubhatta's work 
and from. the work "Tantra Rasāyana”. It is not explicitly stated there that 
he work “Tantra Rasayana" was compiled by Bhanubhatta himself, still, the 
context, shows it to be so ; and hence, the Bhanuraja (Bhāriurajju) teferred 
to by Beruni and the Bhanubhatta referred to:by Varuna appear to be the 
same person. His date may be about Saka 900. The Aufrecht Catalogue 
does not mention eithe? his name or that of his work. It appears from this 
that the works are probably not available anywhere at present. Fhe „word 
‘tantra’ in ‘Tantra Rasáyana' suggests that the work had adopted the method 
of calculating planets’ places from the beginning of the Yuga. 


OTHER KARANA WORKS—After enumerating the names -of some 
Karana works like the, Karana Cūdāmaņi, Lokananda Karana by Lokānanda, 
Bhattila Karaņa by Bhattila etc. Beruni winds up the description with the 
remark that ‘‘there are innumerable sucfi works". This statement of Beruni 
supports the inference that hāve been drawn before (page 120). It was 
but natural that several Karaņa works came into existence according to the 
needs of different.times and places. They are not all available at present, and 
ever if they become available, they would be of no actual use. They will, 


however, be found useful in tracing the history of our country in general 
and that of astronomy in particular. 


OTHER WORKS AND AUTHORS BELONGING TO PERIODS 
LATER THAN SAKA 950 * 

SRIPATI :—Muniéwara’s commentary on Līlāvati contains passages from 
Sripati’s works which show that he had compiled works ēti Pātīgaņita and 
Bijaganita. The following lines occur in those passages :— 

dt: ae mrenea: anda too Aado fafa: ofA i 
q emmrereferar aen: wa gentan rade este T — 


Sos information has been gathered mainly from the Gamoka Tarangini. 
9 
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„This describes the method of finding the value of shadow directly from 
the arcs without making use of tabular sines. Bhāskarācārya has shown the 
calculation of chēyā without sines & arcs. Gaņeša Daivajūya has succeeded 
in carrying out all mathematical work in his Grahalāghava without the use of 
sines & arcs. (see pages 133 to 135). This idea, Sudhākara observes, must have 
occurred to him from Šrīpati's method. According to Sudhākara, Šrīpati 
had compiled Ratnāvalī and Ratnasāra, as additional Muhūrta works. The 
Aufrecht Catalogue mentions Ratnasār. This work may have been an abridged 
edition of Ratnamālā. The compilation of the other work, Ratnāvalī, does 
not seem very likely sincethesetwo works on Muhürta were already in existence. 
Perhaps the work Ratnamālā itself may have been called Ratnāvalī By some 
people. 


KEŠAVA :—Kešava, the author of Vivāhavrndāvana (pagel27) has 
stated in.that work, in the verse “Tribhaga $ese dhruvanāmni” etc. that the 
‘vyatipata’ type of ‘mahapata yoga occurs when the third part of the ^Dhruva 
yoga" is still to pass. This condition was true when the anyanāmšas were 
about 121^; and in his commentary on the verse Gaņeša Daivajūya says, “‘this 
has been so stated because, the anyanamáas at the time of compilation of the 
work were 12°”. This means that KeSava, the writer of the work, Vivāha- 
.vrndàvaua, lived when the ayanāmšas were 12°, that is, about the ‘Saka year 
1165. The work, in the chapter on Lagnašuddhi, mentions 4-48 as the pala- 
bhā of *Narmadi' (a city on the bank of the Narmada). The latitude corres- 
ponding to this palabhe comes to 21? 48. The latitude of Broach, a city 
situated near the mouth of the Narmada, is 21°-41’. This shows that his 
place of residence in those days may have been a town on the bank of the 
Narmada. 


GRAHA SIDDHI BY MAHĀDEVA :—(page 123). The verses in the 
work, giving the account of his family which have been quoted by the author 
of the Ganaka Tarangini are correct. They show that the names of his an- 
cestors, from the father backwards were Parašurāma, Padmanābha, Mādhava 
and Jojadeva; and he was a resident of Rasin, near the river Godávari. The 
palabhā of the place was 44. There is a village named Rasin situated to the: 
south of Ahmednagar but its palabha is only 4 and it is not situated near 
the Godavari but near the river Bhima, in Mahārāstra. E opening part 
of the verses giving his family account runs thus :— 


ČA TG, | sam EDU: wi: 


From this and from some other clues mentioned before (page 124), he 
appears to be a Gujerati. Though originally a native of Gujerat, he : or one 
of his anscestors may have shifted to Mahārāstra. 


KĀMADHENU KARANA BY AED :—(Saka 1289) 


Mahadeva, son of Bopadeva, a Brahmana belonging to Kaundinya gotra 
residing at Tryambak on the bank of the Godāvarī and enjoying an honorable 
osition at the court, compiled the work, Kāmadhenu, which follows the 
rahma paksa and Aryapaksa. It contains 35 verses and tables, and it gives 
the annual motions and epochal positions of planets. It is claimed that the 
tithi can be calculated by collecting figures from 22 tables. 
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“In the Kali year 4535 (i.e. Saka 1356), he compiled a tantra work, named 
*Cāndramān” It follows the modern Sürya Siddhànta. There is a copy 
of this work in the Government Library Vārānasī. It explains only the methods 
of calculating mean and true places of planets. It contains nearly 200 verses. 
The mean positions in it have been calculated from the number of lunar months. 
But the solar reckoning too appears to have been included in it. Gangadhara 
used to reside ir tbe city of Sagar, situated between the rivers Krgņāveņi on 
one side and Bhimarathi on the other, both of them lying to the west or Sri 
Saila mountain, which is situated on the prime (Ujjayini) meridian. He was 
a Brāhmaņa, belonging to Jamadagnya gotra. The names of his anscestors, 
from his father backwards were Candrabhata, Bhattārya and Vitthal. The 
astronomer, Šrī Candal, was born in this very family. Gangādhara was a 
follower of the Sürya Siddhānta. He was in the good graces of the king of 
Vidyāpur. As "Candramàna-Tantra" was very difficult to understand, his 
son Viswanatha recast the work into easily intelligible verses. ViSwanatha’s 


date is not given. 


NRSIMHA—Rama, brother of Gaņeša Daivajfiya, author of Graha- 
laghava, had a son, named Nrsimha, (page 139). Rama may have been a 
younger brother of Gaņeša Daivajiiya. Sudhākara writes that this Nrsimha 
compiled in Saka 1480, a work entitled “‘Madhya-graha-siddhi” on the lines 
of Mahādeva's work *'Graha-siddhi". It explains the calculation of the 
mean places only. The true places are further to be calculated with the help 
of Mahàdeva's work. Krsna: Sāstrī Godbole observes in his Marathi 
manuscript : ““Nrsimha, son of Rama and grandson of Kešava Daivajūya. 
compiled a work entitled Graha Kaumudi in Saka 1510. The date of birth of 
Nrsimha is Saka 1470". One of the two dates, this one and Saka 1480, 
mentioned above, must be erroneous. Since Nrsimha says that the planets 
places should be obtained after multiplying the difference between the given 
year and Saka 1480 by the annual motiins, the latter date cannot be wrong. 
Nrsimha may perhaps have compiled this work some years after Saka 1480, 


CHAPTER 2 
THE UNIVERSE ' 


pA general description of the Universe has been given in the INTRODUC- 
TION (page XXIX of Part I) Now let the subject be discussed in greater details. 

It has already been told (page XXXI of Part I) that the motion of planets in 
their orbits has been assumed to be the same, and it is about 118587 yojanas 
in one day. And it is also assumed that each planet travels in one Kalpa a 
length equal to the circumference of the circularring of the celestialsphere. Tn 
Other words, the length of the celestial orbit* is equal to the sum of the orbital 
lengths of the revolutions made by each planet in one Kalpa. Hence, the length 
of a planet’s orbit is obtained by dividing the length of the orbit of the celestial 
Sphere by the number of revolutions made by each planet in one Kalpa. 
he Sūrya Siddhānta gives the measures of orbital lengths as follows :— 


* . er arr i S ` 
the to Orbit is really that path in the sky along which a planet appears to revolve round 
matter A The word “celestial orbit," however, does not convey that meaning. Asa 
facilita of fact, the celestial orbit has no independent existence. It has been assumed only to 

te the calculation of the lengths of planetary orbits. 
144 
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Planet Orbital length in Planet Orbital length in 
Yojanas. Yojanas. 
Moon 324000 Jupiter 51375164 
Mercury's 1043209 Saturn 127668255 
mean elongation 
] Starry belt 259890012 
Venus's 2664637 
mean elongation Celestial sphere 18712080864000000 
M" (sky) 
Sun 4331500 
Mars 8146909 


MOON'S DISTANCE FROM THE EARTH 


All the siddhánta's except the first Ārya-Siddhānta, give the same daily 
motion, in yojanas, to the planets. Still, as the nuniber of days in the Kalpa 
vary with each siddhànta, the length of the celestial orbit and those of tbe: 
planets also differ by a small quantity. 1t would be of no use to give all these 
figures, since they contain very little truth. Most of the data are merely 
imaginary. The moon's orbit, however, has not been determined by imagi- 
nation. There is a great degree of truth in it. The length of 1' arc of moon’s 
orbit in its plane, has been assumed to be equal to 15 yojanas by all except 
Āryabhata I. Hence the length of the complete orbit comes to (360 x 60 x 15)= 
324000 yojanas; and the mean radius vector of the orbit comes to 51566 
yojanaš. ‘This is the moon's distance from the Earth. Theradius of the Earth, 
according to the Sūrya Siddhānta, is 800 yojanas ; hence, the thoon's distance 
from the Earth is 64:46 times eārth's radius. Accordiņg to modetn disco- 
veries it is 50:96 times earth's radius. The distance of the moon from the 
earth and its orbital length, as determined by the authors of our siddhàntas 
are so very near the truth that they deserve to be congratulated on having 
been able to establish such a correct measure. 


The motions of planets in their respective orbits have been assumed to be 
the same and the lengths of orbits are found by dividing the length of the. 
celestial orbit by the number of revolutions of planets in the Kalpa. This 
amounts to assuming that the times required by planets to revolve in their 
orbits ate proportional to their orbits, that is, to the distatices of planets from 
the Earth. But this is not true according to the modern dstronomical theory. 
The modern theory established by Kepler and confitmed by NEWTON and others . 


is that the square of the revolution period of the planet is proportional to the. 
cube of its distance ftom the Sun. 


DISTANCES OF PLANETS-FROM THE EARTH 


The distance of the Sun from the Earth comes to 689430 yojanas according 
to the Sürya Siddhānta, i.e. about 862 times the Earth's radius. But according 
to modern discoveries, it is about 23300 times the radits of the Earth. Tho 
distances of planets farther than the Sun, as given ih our siddhātitas, are still 
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Ptolemy* are also noted : 


Sūrya Siddhānta 
Planet Cc —————— — Ftckmy Mocern 
even odd 
guadrant guadrant = 

S.n (or Earth) 1 1 1 1 
Mercury +3694 +2667 «3750 *2871 
Venus "7278 +7222 «7194 7233 

Mars , 1:5139 1*5517 1'5190 1*5237 
Jupiter 5*1429 5-0000 5:2174 5'2028 
Saturn 9:2308 9-0000 9:2308 9:5388 


The measures calculated from the Sūrya Siddhānta have been given above. 
The radii vectors of Mercury and venus are calculated by dividing the length 
of the circumference of the epicycles of conjunctions** by the lengths of the 
planetary orbit i.e. by 360 and those of the „Superior planets by dividing 360 
by the circumferences of the epicyclcs of conjunctions. 


It has been remarked above that the length of the moon’s orbit according to 
Āryabhata I is different . It is obtained as follows : 


ATT 42 TH rA 30 4 &o F qo TT: UW ¥ Ul 
aafaa. 


“The length of moon’s orbit in yojanas is given by multiplying the total num 
ber of signs (i.e. 12) by 30, 60 and 10”. 


In this it is stated that the number of minutes of arcs in the moon‘s orbit 
multiplied by 10 gives the length in yojanas. In other words, here 1’ arc is 
taken to be equal to 10 yojanas, while other siddhāntas have taken it to be 
equal to 15. This appears to be contradictory to other siddhāntas at first 
sight , but in fact, there is no contradiction. The following table will show that 
just as the length of the moon’s orbit given in other siddhantas is 3/2 times 
that given by Aryabhata I, so also are other measures :— 


Yojanas according to First Yojanas according to 
Aryasiddhanta Siddhānta Siromani 
Diameter of the Earth 1050 1581 
D Sun's disc. 4410 6522 
i Moon's disc. 315 480 


* Ptolemy's figures have been taken frc m the translation of the Strya Siddhanta by 
Burgess, and the modern measures from the work of Loomis. 


** THe lengths of circumferences of the aphelia and the perihelia have been men- 
tioned later on. The question will be discussed at greater length later on in the 
chápter on true places. 2 
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The distance of the moon from the Earth comes to 34377 yojanas, according 
to the First Arya Siddhānta. This figure is 65.5 times of 525, which is the 
Earth's radius according to that Siddhānta. Hence, from a relative point 
of view there is no cotradiction. The difference in the actual numerical 

uantities appears to be due to the difference ir: the measure of the unit, 
*Yojana'. Lalla is mostly the follower of Aryabhata I, and hence, measures 
given by him are Similar to those given by Āryabhata l. Those given by 
Aryabhata II are like those of other siddhantas. 


EARTH'S. RADIUS 


A reference to the term ‘‘earth’s radius’. occurs in the above discussion, 
Let us give more cosideration to it. Different works mention the diameter 
of the Earth as follows :— Ps 


* Earth's Earth's 
Name of the work semi-diam. * Name of the work semi-diam. 
(Yojanas) . (Yojaras) 
Paūca Siddhāntikā 1018,5 Brhamcgupta S. l 
Modern S. S. Soma S. \ Siddhānta širomaņi. } 1581 
` 1600 : 
Šākalya—Brahma S. J Vasistha S, J 
First Ārya Siddhānta, Lalla 1050 Second Ārya S. 2109 


WHAT DISTANCE DOES 'YOJANA' INDICATE ? 


Itcannot be determined with certainty what distance was denoted by 
‘yojana’. Hence, there is no reliable means to test the accuracy of these dia 
meters of the earth mentioned in our works. According to the views of most 
of our works, one Yojana is equalto 32000 cubits, and if one cubit be assumed 
to be equal to 19'$ inches, the Yojana, in English miles, will be exactly 10 miles. 
Hence, the diameter of the earth, accepting the lowest figure, that given by the 
Paīca Siddhāntikā, would be 10186 miles. According to modein astronomy, 
the diameter of the earth, east to west, is 7925 miles. But the measure of 
yojara may have been somewhat smaller. Tke dictionaries khown as Vācaspati 
and Sabdarnava give 16000 cubits as the length of the yojana, which makes a 
yojana equal to 5 miles. In the middle of the 7th century A.D. Hiouen Thsang, 
a Chinese traveller, had visited India. He has described the whole of India. 
He has given distances cf cities and places in terms of the Chinese measure, 
called Li*. He says, *'According to the old system, a yojana consists of 40 Li ; 
according to the current practice of the administration in different parts, a 
yojana measures 30 Li ; but the scientific treatises regard a yojana as equal to 
16 Lionly.” According to St. Martin, the measure of one Li in China, in 
- the 7th century A.D., was equal to 329 metres ie. 1080 ft. by English 
measure**. 


*Julien's Memories de Hiouen Thsang I ; p. 59; Translation of the Sūrya Siddhānta 
by Burgess, p. 39. 


*9Julien's Memoires de Hiouen Thsang II, p. 251; Translation of ihe Sūrya Siddhānta 
by Burress p. 284. - 
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On this basis, the different values of yojana, mentioned by Hiouen 1 hsang 
come to 8%, 64, and 34 miles. In other woids, the measure cf a yojana 
according to current practice in his time was 64 miles. General Cuniang- 
ham also compared the distances between several well-known placs, given 
by Hiouen Ti:sang, with the actual ones, and dec:d.d that Hioucn 1hsang's 
6 Li wzrē equal to one mile.* But the distances given by Hiouen are those 
along roads by which hə actually travelled ; and the roads and paths are not 
always in a straight direction. Hence, in Cunnmgaams opinion, in order 
to get the direct distance between two places, distance given by Hiouen Thsang 
should be reduced by H$ and Cunningham has done so at several places ; 
and if tnis rule be followed, the distence of 6 Li given by Hiouen is equal to 
(6—5 5) Li in a straight direction ; and thus, the measures given by Cunning- 
ham and St. Martin agiee with one another. On the whole, the author feels 
that the unit of yojana equal to 30 Li was in use in Hiouen’s time, and that 
while converting his distanc:s into miles, six Li must be assumed to be equal 
to one mile ; in other words, according to the then prevalent system, one 
yojana was equal to 5 miles. And the diameter of the earth, 1581 yojanas, 
mentioned by Brahmagupta who lived just before or about the date when 
Hiouen came to this country in the 7th. century A.D., comes to 7965 miles; 
and this figure is very nzaily equal to that of the accurately established modern 
measure of the diameter. 


TO CALCULATE THE DISTANCE IN DEGREES 


In any case, the quotations like the following go to prove that our astro- 
.nomers knew how to measure the distance on the globe equal to one degree 
and therefrom to calculate the circumference of the earth :— 


frama. farferrewris aud nir ATT i 
q&qX EVAT WBA: 22 UW Uo 
fa. fadar. Yadētu. 
“The city of „Ujjayinī** lies on the 16th degree (4*5 =224) of the earth's 


face, from the "zero-latitud?" line. Hence, the circumference of the earth 
is 16 times ine distance betweep the two places. ie 


It is, however, true that attempts were not made in our country to find 
out the accurate value of one degree as they were made in Europe. 


SUPPORT FOR UNIVERSE 


It has been shown before that in the opinion of our astronomers, the earth 
is at the centre of the Universe ; planets revolve round it and the earth stands 
suspended supportless in space. But we do not find anything in our works 
definitely to explain the support for planets. It is, however, their: view that 
the planets and stars are set in motion by the ‘pravaha’ (provector) wind. 
It, therefore, seems to b» the view of our astronomers that the planets 
remain in position in the sky, because of the ‘pravaha’ wind— 


faaata paa web fea amaA atera dat: TESI 
ATA TART: faq fed BT S4ATIATTT: Wagar cT facets gm 
equae || % |1 
smear. BE 

* Sec general description given in the teginning in *"Ancient-Geography"' by 


unningham. 
**The latitude of Ujjavinī has becn determ'ned to be 23?9' by modern methods. 
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It is stated in the verse that some worlds remain in position because of the 
support of the wind. But it is not clearly stated that planets and stars are 
worlds. It appears that our astronomers did not have the idea that planets 
and stars are very heavy and expansive globes like our earth. 


ATTRACTION 


Bhāskarācārya has assumed that the earth possesses the power of attraction. 
He says, 


ATF TT wel qur aq aed m carre Kam d 
arpaa agate arta 11 & 
TAA, Aaah, 


“The earth possesses the power of attraction. It pulls towards itself a 
heavy body in the sky and the latter appears to fall.” 


The falling down of a body is here stated to be due to attraction. When 
Newton discovered the power of attraction possessed by the earth, what thing 
other than the falling down of a body to the earth, could have suggested to 
him the power of attraction possessed by the earth ? He drew the inference. 
that the planetary system revolves round the Sun on account of this power of 
attraction, and established the law of gravitation, after proving it mathemati- 
cally ; this further work (of research) was, however, not taken up in our country. 


DESCRIPTION OF THE EARTH 


All siddhānta works while describing the Universe, give a description of the 
seven oceans on the earth and seven continents along with mountains and 
rivers. in them ; but this, in fact, forms part of Geography, and hence, the 
author does not deal with it here for want of space. 


VIEWS OF THE SKY 
* 

As regards the views of the heavenly bodies observed from different places 
on the earth, it may be stated that the Pole star appears to be in the horizon 
when observed from any place on the Equator, and the planets and other 
celestial bodies appear to rise and set along a vertical circle. As one goes 
northwards, the north pole appears to attain higher altitudes, and the diurnal 
circles along which planets and other bodies appear to move, are seen inclined 
to the horizon. For an observer at the pole, the Sun and other (celestial) 
bodies, appear to move along circles parallel to the Equator ; all these things 
are discussed in the Siddhantas. ‘The author does not give quotations from 
the original here for want of space.* Again, most of the Siddhāntas discuss 
questions like these (i) what places in the northern hemisphere (i. e. places 
in what latitudes) can never see a particular portion of the ecliptic, (ii) what 
latitudes can never see certain signs of the ecliptic or (iii) what are the latitudes 
where the Sun is visible for 60 ghatis or even more, and for how many days. 
It is not necessary to repeat them here in detail. 


* The Marāthī book entitled Bháskarácár ya ani tatkāta Jyotisa (Bhāskarācārya & his 
astronomy) by J. B. Modak contains such quotations from Bhāskarācārya in the 
original along with their trans!atic n. 
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MERU AND SEVEN WORLDS 


They have imagined a mountain called Meru situated at the Pole. Bhās- 
karācārya has imagined the abodes of Brahmā, Visņu, Maheša and lords of 
other worlds, as situated on this very mountain. Similarly, he observes about 
the seven worlds including the *bhulok' (earth) as follows : : 


ae fey TATA | Tea Arata Wa: Katru dē: N 
arg: gad: A AS: ARIN jaeqrded: ed equ: TAA: 0 43 LI 
TART ET. 

It has been told in the verse that the world ‘bhih’ lies to the south of the 
zero-latitude line (i.e. equator) and the world ‘bhuvar’ (on which we live) 
lies to its north. Meru is the “swar” world, and the worlds ‘Mahar’, ‘Jana’, 
‘Tapas’ and ‘Satyam’ are situated in the sky. Of these Satya occupies the ` 
last position. Bhāskarācārya says that the description of continents, of seven 
oceans and of the seven worlds begining with *bhüh' has been borrowed 


from the Puranas. All works do not agree completely as far as this kind of 
description is concerned. 


ATMOSPHERE ENVELOPING EARTH 


It is said that the earth is enveloped by a sphere of air which spreads to & 
distance of 12 Yojanas from the surface of the earth, and the clouds and lightning 
abide in it. Bhāskarācārya expresses this idea in the line. 


ws fecieaataatte | qanpcrisqafaqami ! 3 N 
mem fares. 


Both the ARYABHA TAS and LALLA have assumed the same height for the 
atmospheric covering. 12 yojanas make 60 miles. According to modern 
discoveries, the height of the atmosphere varies from 45 to 100 miles. 
Sripati has expressed in the following verse the idea that this very atmosphe- ' 
ric belt provides a place for whirlwind, meteors, clouds, rainbow, lightning, 
Gandharva's city and the halo round the Sun and Moon :— 


Fraiqresremqeriisqig: ram: aged AaTeqUagy d^ u 
PRAVAHA AND OTHER KINDS OF WINDS 


LALLA, SRIPATI and BHASKARACARYA have assumed other kinds 
of winds higher up than the ‘pravaha’ wind. Lalla observes : 


aag: yag szga dat: dukgdat Eb 11 
TAM TTT: TMG: Ha: Raw qt: TU 
drafecda, Tore. 
“There are seven kinds of winds, one above the other in height. They 


are 4vaha, pravaha, udvaha, samvaha, suparivaha, purvakavaha 
and paravaha, as the seventh ; others suppose Kumarudavaha, as 
the seventh wind.” > 


* Siddhānta Siromani edited by Bāpūdeva, p. 267, foot note. 
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REVOLUTIONS OF PLANETS 


The cause of mean motions of planets has already been discussed above. 
The numbers of the revolutions of planets in the Zodiac during the period of 
One Kalpa or one Mahāyuga have already been given as mentioned by different 
Siddhāntas. There is a noteworthy point about Mercury and Venus ; and. 
it is that because they are always found near the Sun, their revolutions in the 
Zodiac are assumed to be always equal to those of the Sun ; and hence, our 
authors of the works have assumed for them the same number of revolutions 
and mean motion as for the Sun. But having regarded the conjunction 
(Sighra) of Mercury and Venus as some planets, the numbers of their revolu- 
tions given by them in the works happen to be equal to those of their actual 
revolutions round the Sun ; and although our astronomers had no idea that 
planets revolve round the sun, it is worth remembering that they had given. 
importance to the revolutions of the ‘Sighras’ of Mercury and Venus. 


LIGHT OF PLANETS 


It is the view of our Astronomical science that planets have no light of 
their own, but that they receive it from the Sun. Aryabhata I observes 
aera Wears SEIPPIBECIUEEIT 
sti fr aem gai frgarft dome uu 
TAGE 
“Half the spherical portions of the earth, the planets and the stars lose 
their light in their own shadows. Their faces which are towards the Sun. 
are illuminated in the proportion in which they are so directed.” 
In this verse it is stated that even the stars receive light from the Sun, which 


is a mistake. A great deal of discussion is, found in our works regarding the 
increase or decrease of the Moons’ digits, and the elevation of Moon’s cusps. 


VIKSEPAS OF PLANETS 


The viksepas of planets which are the inclinations of their orbits with the 
ecliptic are given in some siddhāntas in the chapter on mean motions. There- 
fore, the measures of different siddhàntas are given here— 

Ptolemy’s values and the modern ones are also given* in this table. 


Modern I AryaS. Brahma S, H Arya 


Sürya  Lalla's S. Sid.Siro. Siddhānta Ptolemy Modern 

Siddhānta i 
Moon 4 30 4 30 4 30 4 30 5 0 5 8 47.6 
Mars 1 30 1 30 ] 50 ] 46 1 0 } 51 2 
Mercury 2 0 2 0 2 32 2 18 7 0 7 0 T3 
Jupiter 1 0.1 0 1 16 1 14 1 30 1 18 414 
Venus 2 0 2 0 2 16^ 2 16 3 30 3 23 34.t 
Saturn 2 0 2 0 2 10 2 10 2 30 2 29 39.: 


* The author has taken Ptolemy's values as given by Burgess in his translation of Süry 


Siddhānta and the modern values are taken from Leverrier's Tables. 
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It would not be reasonable to compare the values of viksepa as given in 
Our works with the modern ones in ali respects. if the comparison is made 


in a proper way, the discussion which follows will show that our values are 
Very accurate. 


The values of viksepa are calculated from the latitudes. Latitude is the 
distance of a planet from the ecliptic measured along the great circle passing 
through its pole. The latitude is zero at the node ; i.e. the point of intersec- 
tion of the ecliptic and the planet's orbit ; and it is maximum at the point 
which is 3 signs away from it. The planetary orbits are not exactly circular. 
So the planets are not always at the same distance from the centre of their 
orbits. The Moon revolves round the Earth. Hence, when it is at a distance 
of 3 signs from the node, although her linear distance from the Earth is not 
always the same, the angular distance is necessarily so. This is not the case 
with other planets. They revolve round the Sun. The observer at the Sun's 
centre will always see the maximum latitudes of the planets to be equal to 
those of the modern values of viksepa ; but these will appear to be smaller or 
greater to an observer on the Earth. The latitude will appear to vary with the 
values of their radii vectors, i.e. their distances from the Sun's centre and their 
distances from the Earth. The variation due to the first cause is less than 
that due to the second. Our astronomers have not taken into account the 
variation due to the first cause. They have only considered that due to the 
second. Bhāskarācārya remarks about the 'viksepa' as fellows :— 


(aar) sue: fte wala afeaq fud qaad umm qu faq 
S" aa ECT qv! gean: di 
VECIPHECIEME Cd % dat. 


* 


*The maximum value of a planet's mean polar latitude is obtained from 
the value of the maximum latitude of the planet measured on the circle of 


observation on the day on „which the geocentric radius of the planet is egual 
to its mean radius vector.” 


This can be said to be the definition of Viksepa according to our ancient 
Works. When the planet is at its mean distance from the earth, it is not 
necessarily situated at a place 3 signs apart from the node. If the planet is 
situated 90? away from the node, and its distance from the earth also happens 
to be equal to its mean value, then the latitude of the planet is regarded by 
our astronomers as the planet's mean maximum Viksepa. This does not take 
into consideration the factor of planet's radius vector. The latitude of a 
*'superior*" planet is not much affected bv the variation in the value of its 
radius vector but they do cause a difference in the latitudes of *inferior*"" 
planets. Hence, there is no harm if the Viksepa values of planets other than 
Mercury and Venus as given by our works are compared with modern values ; 
and such a comparison will reveal that our works, as far as the Viksepas of 


*Marcury and Venus are 'inferior' planets; others are *superior* ones. 
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Mars and Jupiter are concerned, have given values nearer to the mcdern. 
ones than those of Ptolemy. "he values given in Brahma Siddhanta and 
Second Arya Siddhànta are almost equal 10 the modern ores. The value 
for Saturn is wrong by a few minutes only. As regards the Viksepa values. 
of Mercury and Venus, it was found that if Mercury occupies at present a 
position of maximum heliocentric latitude, then, at one position its’ radius. 
vector attains the value of :3382 ard at the other, *4114*, and if in addition 
to this, its distance from the earth has attained the mean value, its true laiitude. 
respectively becomes 2*23'' and 2°53.’ The mean of these values comes to 
2°38’ and it agrees very closely with that given in our works. The radius 
vector of Venus at its position of maximum heliocentric latitude attains 
the values of *7193 and ‘7293. . If at both these positions its distance from the 
earth attains the mean value, its true latitude would be about 2*28'. This 
also agrees with the value given in our works. The values given in the table 
in the column for "modern" values, were calculated by the author from the 
data in the English Nautical Almanacs for the six years 1883. to 1888. It. 
was only on two or three dates during these six years that when Mereuty 
attained maxtmum value for its heliocentric latitude, its distance from the 
earth was also equal to or very nearly equal to its mean value ; and in the case 
of Venus no such dates could be found. It shows that these values cannot 
be accurately found unless observations are taken for several years ; and for 
this reason our astroncmers deserve praise for having found out very accurate. 
values. The nodes of planetary orbits have got some slight motion. Hence, 
if the maximum values of the latitudes of planets at the time of Brahmagupta 
and Aryabhata be calculated in the light of modern mathematics’ the above 
Siddhānta values may perhaps prove to be nearer to the true values** than 
what we found in this comparison. The above verses will show that the 
values given by the two Áryabhatas are different from those given by Brahma- 
gupta "and this shows that the values have been found by them independently. 
It cannot be argued that the figures are different in the three cases because 
they have been set down at random. If no other proofs be forthcoming, 
even the Viksepa values given in the above table would be enoug 
to show that our astronomers determined the values for inclusion in their 
works, actually after taking observations. 


CHAPTER III 


“AYANA CALANA" 
OR l 
DISPLACEMENT OF SOLSTITIAL POINTS 


Even if at a certain time, a star is found to be situated near that point 
of the ecliptic, which is crossed by the Sun and the Moon while moving from 
North to South and vice versa, it will not remain there for all time to come ; 
it will be seen shifting eastwards as years roll By. At the time of the Vedanga 
Jyotisa the Winter Solstice (W.S.) used to occur near the beginnirg of 


Dhanistha : but as time passed on, it began to take place near Šravana. At 
p 


*The mean rad'us vector of Mercury is '3871 and that of Venus is '7233 (Loomis 
Practical astrorotriy). 3 : 


**A mere recording of the values of Viksepa as given tn our works and the medern ones 
side by side does not amount to a real comparison. ‘The writer has not seen any one 
comparing the latitude values of Mercury and Venus as he has done above, 
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the time of Varāhamihira it used to occur near Uttarāsādha. This mieans 
that the solstitial point receded so many degrees. If one point of the ecliptic 
changes its place, all points on it would necessarily do the same thing. Conse- 
guently, the star which at one time would be situated near the equinoctial 
, point, which is the point of intersection of the equator with the ecliptic, would 
be seen to have shifted its place forward as time would pass ; but in fact, 
it is the equinoctial point which recedes. As the change in the position of 
solstitial point was first noticed by astronomers while observing the sun’s 
*ayana' i.e. the solstitial position, most of the astronomical works have termed 
this kind of change as "ayana calana". The astronomer ĀRYABHATA II and 
Others have mentioned the number of revolutions of the ‘ayana,’ as if 
it were a planet. BHASKARACARYA has called this motion also ‘Sampat- 
calana’ i.e. the shifting of equinoxes, while the European astronomers call this 
phenomenon *'precession of the equinoxes". All astronomical works except 
that of Bhāskarācārya have attributed this motion of solstitial points to the 
movement of the ‘starry wheel’. In other words they thought that the starry 
. wheel moves eastward through some degrees in some particular period of time. 
But Bhāskarācārya observes :— 


qur [ fasactifeaaaaraes ] aft serrafer 1 AAT- 
BET: sfaater ua fate cRPWISU NI 11 
Nadar. 


“Even that point (viz. the point of intersection of the equator with the 
ecliptic) has a shifting motion. The equinox recedes through as many degrees 


as the solstitial points”. 


This evidently shows that he assumes a retrograde motion for the node 
t.e. the equinociial point) itself. Even the modern European scholars hold 
that it is the equinoctial point which has this motion of displacement. 


MEASURE OF DISPLACEMENT OF SOLSTITIAL POINTS 


Varāhamihira has mentioned nothing about the ‘ayana-calana’ in his 
Paiica Siddhāntikā. It appears that the five old siddhantas had mentioned 
nothing about it. But the modern Sürya Siddhànta does mention it. It 
has been described there as follows :--- x 


Paw 10 SMT Yo At WIRT wa HTH ahead (p agta WT 
| EIUS EC He ST 
mam sacar aan era: 11 iS WIT 
rikgamrmeaītar n Yo n 
ege (gai Ted agaaa ware TH Afra dbi ga É 
SR I T] W 
Taare qararan ae u 
ferrei 


1 
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Meaning :—The ‘Starry wheel” (Bhacakra) moves eastwards 600 times 
during a (Mahā) Yuga. Multiply the Ahargaņa by 600 and divide the product 
by the number of mean solar days in a YUGA. Reduce the result to an 
acute azgle ; multiply degrees in this angle falling in one of the four quadrants 
(i.e. Bhuja) by 3 and divide the product by 10. The result is known as 
Ayanāmša. Calculate the declination, shadow, ascensional difference etc. 
from the planet's places as corrected by the application of the ayanāmša, 
Whether the ‘Wheel’ has moved or not can be known on the 4.cardinal days- 
the solstitial and the equinoctial days. If the longitude of the Sun, as derived 
from the shadow, is found to be more than that calculated from karana work, 
it may be taken that the wheel has moved eastward by as many degrees as 
the difference (of the two), and in case the observed longitude is found to be 
less than that of the calculated one, the wheel has moved towards the west 
after returning to its normal position. 


This mentions *trimšat krtyah' i.e. 600 as the number of revolutions of 
the *Ayana point” in one Yuga or 600000 during one kalpa. But according 
to Bhāskarācārya (as stated by him in Golabandhādhikāra, *Tadbhaganah 
sauroktā vyastā ayutatrayam kalpe") “the numbers of revolutions mentioned 
by the Sürya Siddhànta are three ayutas i.e. 30000 in one Kalpa or only 30 in 
one Yuga.” This leads one to suspect that the version of S.S. possessed by 
Bhāskara contained *'trimšat krtwah" in place of 'trimšat krtyah” as the 
reading commentators and authors of astronomical works have taken great 
pains to interpret the words * ‘vyasta ayutatrayam” as meaning something 
different from ‘thirty thousand in reverse direction’ in order to reconcile 
it with the preseni reading ‘trimsat krtyah’ in the Sūrya Siddhānta. 
Munīšwara, the commentator of Siddhanta Siromani says in his commentary 
(Marīci) “According to some, the* word ‘ayuta’ in ‘ayutatraya’ may be ’niyuta’, 
According to others, we have to take 20th part of Kalpa and not the actual 
measure of kalpa, to maintain the relevancy of "600 revolutions per Yuga”. 
Muniswara himself renders ''vyastā ayutatrayam” as "three ayutas multiplied 
(asta) by vi (i.e. 20), obtaining 60 ayutas as the number." He further observes 
that the expression “agit: dat 9T Su aed i6 £o u” qrersisfirgre 
may also mean that “the S.S. has mentioned the number of revolutions of this 
(i.e. the equinox) ; and that another work mentions ‘minus three’ ayutas as the 
number of revolutions during a kalpa" ; in other words he does not at all 
associate the words ‘ayutatraya’ with S.S. All these are but Yutile attempts to 
stretch the wordsto suit adesired interpretation. Bhāskarācārya's words have 
been given above. Inthecommentary on the work he himself remarks, “‘that 
the number of revolutions of the equinoctial point is three ayutasin one kalpa 
has been mentioned in the S.S.". It shows that Bhaskaracarya's remark 
definitely means that the "S.S. has mentioned 3 ayutas as the number of 
revolutions in one Kalpa" ; and it appears from this that the S.S., according 
to Bhāskarācārya, has mentioned 30 revolutions of the equinox during one 
Mahāyuga. 


The verses from S.S. guoted above, show that if the method described 
here-in be followed, one can never get a figure for ayanāmša exceeding 27° ; 
ānd since the starry wheel is said to be moving eastward and westward, it 


*Nrisimha has remarked thus in the Vasanāārtika The nnmber 3 niyutas in one 
Ka!pa would give 300 in one Mahāyuga. 
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follows that ordini to the Sūrya Siddhànta that the equinox does not 
make a complete revolution through the Zodiac, as the planets do. In 
other words, the starry wheel moves away from the equinox up to 27? towards 
the east, then comes to its original position, then moves westward up to 27° 
and then again comes to the original position. It thus completes an oscillatory 
revolution, each amounting to 108°... According. to modern astronomy 
the correct motion of the- ‘precession of equinoxes is about 50.2 seconds pet. 
.year. If we adopt a revolution consisting of 108* each and 30 such revolutions 
per mahāyuga, the annual rate of precession would come to about 2 ṣa seconds, 
which is extremely small. Even if we take 30 true revolutions of 360* each, 
the annual rate of motion would come to only 9 seconds, which is also very 
small.. If we take the present reading ‘triméatkrtyah’ to mean 600 revolutions. 
of 108 degrees per Mahāyuga,, it would give 54 seconds per year, and this is 
now the generally accepted interpretation. This rate is much more correct ;. 
but all current. works on astronomy have assumed 60 seconds as the annual 
rate of motion, and the author has shown later on how this value is the proper 
one and acceptable. If one takes 600 revolutions of 360 degrees each, the 
annual rate of precession would come to be 180 seconds. This would "be a. 
very excessive rate. 


The modern Romaśa, Soma and Śākalyokta Brahma Siddhānta give 600 
revolutions of the ‘ayana’ in one mahāyuga. Their remarks about the 
displacement of the ayana- point are given below :— 


um: agiagi $8: RI maafa Bega Fe Renfro fire: n 
estive ga qiue i J] aR T 
A muri gta, —— 
YOU EU at afr a KAT I TEE I queen quad 
WS we wg tt 
m qq qued ar Fatah spe WH ATT n tēvi atr farre amarae: 
Bg ur CONTE 
AIFGARSIA, qve ^3 
qu dzer fe at softadad n cen afer artes as: uin 


ed amat ear franais: qp hes ara std? $E each ae fet I 
Nafta Irita 


All the three verses convey the same idea as that expressed by Bhàaskara. 
The only point of difference is that in Sakalya’s verse the ‘ayana- raha’ ig 
supposed to move east from the beginning of Libra and towards West from. 
that of Aries. 


The Vasistha Siddltāhtā (also called Laghu Vasistha Siddhànta by some) 
describes the method of calculating Ayanamóa as follows :— 
ATT qoe wfetrequifererr atts: un arttērttīt S contest XX aL 
TTT 
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"Divide the number of years elapsed by 600, reduce the result to an acute 


angle nearest to a quadrant, multiply the degrees by 3 and divide by 10, the 
result thus obtained "will be ayanāmšas.,” 


It is not here clear what we get after dividing ‘n’ years by 600, does the 
quotient .denote so many signs, degrees or revolutions ? If we assume 
recession through one sign in 600 years, it would give 600 revolutions in a 
Mahāyuga and tHat seems to be the number intended. 


This shows that the later five Siddhāntas, including S.S., have regarded 
27° as the maximum value of ayanāmša and that the equinox has been regarded 
as oscillating from the initial point to 27° East and then back again, till it 


attains a position 27° West and so on, giving 54 seconds per year as the pre- 
cessional motion. 


Aryabhata I and Lalla make no.reference to the ayana-motion in their 
works. Brahmagupta, while accusing Srisena and Visnucandra, says, 


qae Fagard eifasrest maT SAT: 11 ATTA cu I XY u 


HATA 9 9 


“The very fewest hours of night occur at the end of Mithuna, and the 
seasons are governed by the Sun's motion ; there is, therefore, no such thing 
as ayanāmša”. Prthüdaka in his commentary on the above verse says, 
“What is said oy Visnucandra at the beginning of the chapter on the Yuga 
of the solstice *Its revolutions througb the asterism are here (in the Kalpa) 
189411. Ttisis termed a Yuga of tke solstice, as of old admitted by Brahma. 
Arca,and the rest" is wrong. Now the greatest decrease and increase 
of night and day do not happen when the Sur's place is at the end of the 
Mithuna ; and passages are remembered expressing "the southern road of 
thesun was from the middle of Ašlesā ; and the northern one at the beginning 
of Dhanistha; and others (of like import). But all this only proves that there 


is a motior ; not that the solstice has made many revolutions through the 
asterisms”. 


Bhāskarācārya while commenting on Brahmagupta's notions about Ayana 
motion, says :— 


den agaa R aai [mifāvra:] tat sie da qur acq 
EE ME 

gari agag Ting woes: | Haus qeu afareqiaang | sarang 

Adagia aAa waewfeemfaaq mu qaia 


“If doubt be expressed as to how it was that skilled scholars like Brahma 
gupta and others did not mention the precession of the equinox, the reply 
is that they could not notice it because of its very small Amount. It has been 
now noticed because of a noticeable displacement and hence, it has now been 
realised that the equinox has motion. It may be asked, that even though 
it was not noticed, why was it not given on the authority ofthe figures mentioned 
in S.S. just as the numbers of revolutions, Paridhis etc. have been taken from 
Āgamas.” ? 


1 DGO/69 - 15 
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Bhāskara says here, that at the time of Brahmagupta, the ayanams value 
was very small and hence it is likely that it could not have come to his notice 
and adds that One may still ask why he did not take the rate of the precession: 
of equinoxes.as given by S.S., just as he had taken figures for other measures: 
on the authority of older authors.? It is true that Brahmagupta nowhere 
mentions any correction on account of precession or gives any figure as the 
number of yana revolution, yet the above verses of Brahmagupta and 
Prthüdaka's commentary thereon clearly point to the fact that people before 
the time of Brahmagupta had begun to think over the problem of change 
in Ayana position. According to Brahmagupta the Sun's entry into a tropical 
sign was a ‘Samkramana’, and the “end of Sayana Mithuna" was the Summer 
Solstice. (This has already been shown in authors’ account of his works); 
Hence he has not at all taken into account the equinoctial motion. 


Munjal's quotations in Āryametre have already been given (H page 191).; 
The number of revolutions of the *ayana' have been mentioned therein to be: 
„199669, These couplets make no mention of the question whether the 
equinox makes a complete revolution or not. But assuming that the equinox: 
makes a complete revolution, the explement of the longitude of the equinox 
would come to 98 29° 37’ 40". 8 at the beginning of Kali era, the ayanāmsa. 
would be zero in Saka 449, and the annual rate of the precéssion would be 
59".9007. All these things clearly point to the fact that Munjal held the: 
view that the equinox made a complete revolution. 


The Laghumānasakaraņa of Munjāl written in Saka 854, gives I’ as the. 
annual motion for precession. 

The second Āryasiddhānta gives the revolutions of the ayana planet for E 
Kalpa and describes in the following verse the method of finding ayanāmša, ; 


Saga: mmm PRIT TATE di 
BAAAAT Aa eHaAS Zragaa GATT TT e?! 


Meaning :—‘‘Reduce the longitude of the ‘Ayana planet to an angle 
less than I rt. angle. Find out the sine of the angle. The value is Ayanāmša. , 
The sign corresponds to the sign of the ‘anomaly’. (It is positive if the 
Ayana planet bein one of the first six signs, otherwise negative*). After 
applying this correction to the planet, the values of Ayana Cara (ascensional 
differences or A.D., Krānti (declination) and Lagna (ascendant) etc. are to 
be calculated". This i is similar to the method of calculating a planet's decli- 
nation. All our Siddhāntas and even the Second Arya Siddhanta regard - 
24? as the maximum value of declination. Hence according to Aryabhata II, 
the ayanāmša value never exceeds 24°. In other words, the “plus” ayanaméa 
figures increases from 0 to 24 degrees, then it diminishes up to zero. rt 
further becomes negative and increases from 0 to 24 degrees, and again begins 
to diminish till it becomes zero. The equinox is to be supposed to be making 
a revolution through 96 degrees. 


*This convention about positive and negative signs has occurred in connection with 
Planets in this very chapter. 
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According to the Second Arya Siddhānta the number of revolutions of 
Ayana planet during a Kalpa are *'masihajamudhā**” i.e. 578159. Taking 
one revolution as equal to 96° the annual rate of precession would come 
to 46.3 seconds ; but since, the method of calculating ayanāmša is exactly 
like that of calculating declinatioh, the rate of precession will not always 
be the same.. Adopting the above mentioned number of revolutions, thẹ 
yearly rate of motion of the Ayana planet in the Zodiac would come to 2 min. 
53.4 seconds, and the annual rate of precession would sometimes come to 
69.4 seconds, sometimes to 6.1 sec. or even less. The Ayana planet takes 
about 7472 years for one revolution. The rate of precession during the 10th 
part of the lst period i.e. during first 187 years, would be 69.4”. During 
the next 187 years it would be almost the same. In the 3rd period of 187 
years it will be 63.7”. It will thus gradually come to be 58.1", 52", 43.3” ; 
30.6", 20.4" and 6.1". When thus the ayanamfas reach the figure of 24 degrees, 
they will diminish in value at a reversed rate of motion, they will again increase 
and will again decrease ; but our experience is otherwise. The ayana-motion 
no doubt varies ; but the variation is very slight. There is no harm if it be 
regarded as always constant. 


Āryabhata II has, like Paraéara, cited 581709 as the number of ayana 
revolutions in a Kalpa. According to this hypothesis Saka 532: would be the 
Zero-precession year ; and because ayanāmšas are calculated by the method 


of calculating declinations, their value is never constant ; their mean value 
comes to be 46".5. 


Bhāskarācārya has not given the number of revolutions of the eguinox 
in a Kalpa, nor has he given his view** whether the equinoctial point mzkes 
a complete cycle or makes an oscillatory cycle of 108°. It has been pointed 


out above that he has adopted the number. of revolutions given in the S.S. 
He further says, 


SUI Tagi HTT: sp gani (sRÍWTT:) di 
ad TSUN: med WBRPÉSUIRT ERRE H $5 


Tera hae. 
“The displacement of the solstitial point, spoken of by Munjāl and others 


ae this very point (viz. equinox). Its revolutions in one Kalpa are 


_ After quoting the ayana revolutions according to S.S. and Munjal, in 
his commentary on the above verse he next observes”. 


AT X aT AT AAMT wag War Far faq eqaeag dar a ga wiley: | 


„ "Whatever be the umher of revolutions, the degrees which are obtained 
by skilled (astronomers) give the position of the equnox.” 


It is clear from this that he recommends one to accept the ayanāmšas which 
One would actually get by observation at a particular time. Similarly, his 
remark in this connection that “any motion which one gets actually by observa- 
tion should be accepted", shows that he means to say that the number of revolu- 
tions in a Kalpa should be determined according to the ayanāmšas actually 
found. The author has not:come across a single statement in which Bhaskara_ 


*The number has been fixed after fully considering the variations in readings. 


**Prof Whitney observes that Bhāskrāchārya has mentioned 199669 as the number of 
revolutions of the equinox in „One Kalpa (See page 104 Trans. of S.S.). -But itisa 
Mistake. Bhāskarācārya has given thjs number as that mentioned by Munjai. 
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cārya has clearly said that the eguinoctial point makes a complete revolution, 
nor does he say that it does not make a complete revolution. Bhāskarācārya 
has taken 1 minute per year as the ayanamotion in the work Karaņa-kutūhala 
and has assumed 11* as the ayanāmša in Šaka 1105. He thus appears to 
have taken Šaka 445 as the Zero-precession year, as has been already mentioned 
before. 


From the foregoing discussion of the guestion of ayana revolution and 
yearly ayan-motion it can be concluded that according to ( i) the five Siddhantas 
such as the S.S., the annual precessional motion was 54" (ii). Munjal, 59" .9 (iii) 
Arya bhata II 46".3 and (iv) Parāšara 46".5. However, it would not be wrong 
to say that since Saka 854, the annual precessional motion was 60 seconds for 
all practical purposes, and most of the Karana works compiled from that date 
upto now have given this rate for the ayana motion. The Bhatatuiya-karaņa 
and one or two karana-works following S.S. have, hcwever, adopted 54 seconds 
as the motion. 


Does the Eguinoctial Point Oscillate or Revolve ? 


The question whether the equinox makes a complete revolution or not 
has been fully considered above. Accoiding to Munjāl, the equinox makes 
a complete round in the ecliptic in a retrograde direction. As already mentioned 
Colebrooke says that Prthüdaka, . the commentator .of Brahma Siddhānta, 
and Nrsimha, that of Siromani, have quoted Visnucandra, the author of 
Vasistha Siddhànta, as believing. in the theory of the complete revolution of the 
equinox. According to the five modern Siddhāntas, including the S.S., the 
equinox does not make a complete revolution but it oscillates upto 27^ east 
and west of Revati while according to Second *Ārya-Siddhānta it oscillates 
up to 24° only. Although none of the Karana works explicitly states that the 
equinox makes a complete revolution, the method of calculating ayanāmšas. 
adopted would give more than 24° or 27^, that is amounts increasing right up to 
360°. No karana work probably states that when the ayanāmšas come to be 
more than 24? or 27^, the rate of motion should be supposed to be minus 60", 
or in other words, the ayanain$as should'be supposed to be gradually less than 
24 or 27 degrees. In accordance with Karana works which assume Saka 445 
as the Zero-precession year and 60" as the annual rate of precession, the 
ayanāmšas would be 24° in Saka 1885 and 27° in Saka 2065. They will be 27? 
in Saka 2221 if S.S. be followed, and according to Āryabhata II and Parāšara 
they will be 24° in about Saka 2400. So the question whether the theory that 
the displacement of ayana-point does not take place through the whole Zodiac 
is valid would be settled by actual experience after about 67 years or after 600 
years at the most. The modern theory of European astronomers that the 
eguinox makes a complete revolution i$ a well known fact and if this theory 
be correct the rainy season will be found to occur in Caitra-Vaišākha after a 
lapse of time. No one will be able to deny the contention of the followers of 
the sáyana system in this respect and the occurrence of spring during the months 
of Madhu & Madhava (i.e., Caitra- Vai$akha) is the only thing acceptable to 
the Srutis. Fearing that the acceptance of Munjāl's view would take*them |. 
into a position contradictory to that approved by the Srutis, the author of: 
Marici % others accused Munjāl and others for holding views contrary to the . 
teaching of the Vedas, and they were, in their own way, right in doing so. But - 
it is not within our control to force the equinox to make a complete or in- 
complete revolution; this point did not strike the author of Marici and 
others. The Vedānga jyotisa has recorded the occurrence of the Winter solstīte 
(W.S.) in the beginning of Dhanistha. From this it appears that in those days, 
the equinox used to occur in the beginning of the fourth part of Bharani conste- 
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lation, i.e., at a point 23? 40" from the intial point. The Vedas describe the 
Zodiac as beginning from the Krttikas, which suggests that the equinox used 
to occur in the beginning of Krttikās then, i.e., at a point 26° 40” from the 
initial point. Formerly the equinox was in advance of' Ašvinī, and later on it 
began to occur behind it. This may have suggested that the equinox oscillates, 
and because the displacement of equinox which was recorded was only a variation 
of 24 or 27 degrees, or because the maximum declination is 24^, some of the 
authors of siddhāntas may have been led to assume that the equinox oscillates 
up to 24 or 27 degrees. Let, future experience show what it may be, but the 
theory of oscillation of equinoxes proved very useful in tiding over the tempo- 
rary difficulty of admitting that the seasons would not conform to the teaching 
of Sruti as the result of the complete revolution of the equinox. 


ACCURACY OF AYANA MOTION ^ 


Let us now see how far the annual rate of ayana-motion and the year of zero- 
precession are accurate, as adopted by our astronomers. The annual ayana- 
motion is clearly the advance made by the Sun in the assumed length of the 
year after its two successive transits of the equinox. The lengths of years 
given by different siddhāntas have been fully discussed on page 13 while 
reviewing the Romaka Siddhànta of the Pafica Siddhantika group. The 
lengths of year known to Vedànga Jyotisa, Pitāmaha and Pulisa had already 
gone out of use before the year Saka 427 (i.e., before Pafica Sidddhāntikā). It 
has already been pointed out there that Romaka's year was never in use in our 
country. Of other Siddhàntas, the length of Brahmagupta's year viz., 365?, 
15*? 30° 223%” does not. appear to have remained in use after Saka 964. The 
remaining lengths vary from 365* 152 31? 15” to 365? 158 31” 31% 24?" and 
have remained in use from Saka 1000 onwards. The length of the tropical 
year in the year 1900 A.D. is 365?-14-31-53-25. This is the time taken by Sun 
to return to the same equinox. If we deduct this from the length given by 
S.S. viz. 365-15-31-31-24, the motion of the Sun during the difierence of.time 
would come to 58”.777* or 58”.8 approximately. If we accept the shortest , 
of the lengths.of the year in use from 1000 A.D., the annual "ayana-motion" 
would be less by .269 i.e. about 58".508. If Brahmagupta's year measure 
be accepted, it would come to 57".557 but the author is of opinon** that the 
above year measure was not taken as the basis while fixing the yearly rate of 
ayana-motion. It is a fact that the measure of the tropical year is gradually 
diminishing. If we accept the length of the tropical year in Saka 700 as basis, 
all the above-‘ayana-motions’ will have to be reduced by about 0”24. All 
things considered, if the annual rate of ;precession 58”.4 be accepted, it will 
be found to be very accurate, since it is in keeping with the average length of 
the year adopted in our works, and both Grahalāghava and Makaranda which 
are in use in more than half of India, adopt the length of the year given-by 
moderr S. S. Hence, the rate of precession dependent upon this year length 
which comes to 58'.6 should be considered accurate. This will show that 
the figure of 59".9 adopted by Munjāl as the annual rate of motion and 60" 
which is now in general use, appear to be sufficiently accurate. In other 


* Keropant has mentioned 58^,521 (see Planetary Tables page 32,) ; buta small error 
seems to have crept in here, f ‘ 
**The reason is given on page 216 later on. 


+The difference in the place of the tropical sun computed by European measures and 
that found from Grahalaghava, is in keeping with the excess of the adopted rate of precession 
over the calculated rate, viz., 1".4. 
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words, our astronomers may be said to have discovered the rate of precession 
correct within 1".4 ; and it will be shown later on in the history ef the attempts 
made by other nations to determine the ayana-motion, that our astronomers 
did not borrow it from others and it is really very creditable to them that they 
discovered it as a result of their own independent efforts. This alone would 


suffice to falsify* the arguments of those Europeans who charge Indians with 
being very backward in the work of taking observations. Even Colebrooke+* . 
says that they (Hindus) made a nearer approach to accuracy than he (Ptolemy) © 


had done. 


Findings of other Nations Regarding the Rate of Precession 


The discovery of the precession of the equinoxes is due to Hipparchus, © 
who arrived at it about the year 125 A.C. by a comparison of his own obser- . 
vations with those of Timocharis, made about 170 years eaelier. Its existence : 
was afterwards established beyond doubt by Ptolemy, nearly 300 years later. : 


Ptolemy mentions, in the seventh chapter of the Syntaxis, that having observed 


several bright stars in the zodiac he found that they had all increased in longi- . 
tude to the extent of 2°40’ during the interval of 267 years that elapsed : 
between Hipparchus & himself. He hence inferred that the increase of lon- . 
gitude amounted to 1° in 100 years which implies an annual precession of : 


36", he moreover stated that Hipparchus had arrived at the same result. This `: 
was a very erroneous determination. The total increase of longitude, during ` 
267 years, must in reality have amounted to 3? 37’, a quantity greater nearly ; 
by 1? than that assigned by Ptolemy. As the discordance seems too great ,; E 
to be accounted for by errors of observation, many eminent astronomers have ~ 


come to the conclusion that Ptolemy made no observations at all, that in fact 
his catalogue of the stars is no other than the catalogue of Hipparchus reduced ` 


to the epoch of 137 A.D. by increasing all the longitudes to the extent of 2: . 


40'. "Unfortunately there are circumstances which strongly tend to justify -: 
this serious charge. Delambre compared together the longitudes of the same 


d 
3 


‘stars inserted in Flamstead's*** catalogue, and supposing the interval between «i 


these two astronomers to comprehend a period of 1553 years, he hence deduced 


52".4 for the annual value of precession. This result exceeds the true value ; 
by rather more than 2”. Delambre then diminished Ptolemy’s longitudes `; 


of the same stars by 2°40’ and supposing the results to be the longitudes of Hippar 
chus, he instituted a comparison between them and Flamstead’s longitudes. 
Assuming the interval between Hipparchus and Flamstead to include a period 
of 1820 years, he now obtained 50.”12 for the resulting value of precession, 
a quantity agreeing almost exactly with the modern determination. (This 
strengthens the inference that Ptolemy himself had made no observations.) - 


*At several places in his notes on the translation of S.S. Prof. Whitney has simply . . 


poured ridicule on the Hindus in regard to the accuracy of their obsei vations. 
**Essays, Vol. II, p. 411. 
Birth (A.D.) Death (A.D.) 


***Flamstead : An English Astronomer 3 . 1646 1719 
Bradley An English Astronomer . : ; 1693 1762 
Mayer A German Astronomer - m : 1723 1762 
Lalande A French Astronomer x wot t 1732 1807 
Delambre A French Astronomer E Ā . 1749 1822 


Bessel A German Astronomer . : . 1784 184 


4 
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The efforts of modern astronomers have been constantly directed towards 
obtaining a more accurate value of the precession of the equinoxes. ‘Tycho 
Brahe’ fixed the annual precession at 51" Flamstead made it 50”. Lalande 
by comparing the longitude of Spica Virginis as assigred by Hipparcus with 
its longitude deduced from observations made in 1750, obtained 50'.5 for 
the resulting value of precession. Delambre, by a comparision of the obser- 
vations of Bradley, Mayer and Lacaille with his own obervations, was induced 
to fix the annual precession at 50.”1. Bessel who had studied the question 
very thoroughly fixed the annuai value, in 1750 A.D. at 50".21129. In 1900 
A.D. the value for 365% days will be 50.2638. 


Bessel has fully discussed the precessional motion and determined it to be 


50".21129 in 1750* A.D. The rate of precession in 1900 A.D. will be 50”.2638 
in 3651 days. 


In the lith century **A.D. Arzael, a Spanish astronomer, deciared 
that the rate of precession was about 1° in 75 years i.e. 50" annually and also 
that the equinox oscillates east and west up to 10%. Another astrologer, 
by name Thabit Ben Korrah, (13th Centuty A.D.) held that the equinox 
oscillated within 22^, and still another astronomer of the 9th century thought 
that it moved through a circle of radius 4* 18' 43”. The famous Arab astrot- 
nomer, AL Buttàni (880 A.D.), considered the equinox as oscillating at the 
rate of 1° in 66 years or about 55."5*** annually. Some Arab astronomere 
who lived before the time of AL Buttàni thought the equinox to be oscillatins 
8^at the rate of 1? in 80 or 84 years (i.e. about 45" or 43” per year). AL 
Buttani’s figure agrees with that of the S.S. 


Accuracy of Zero-precession year 


Let us see with what accuracy the years of Zero-precession have been 
determined by our people. The Zero-precession ycars according to different 
astronomical works are given below :— 


Saka 

Five modern siddhāntas including S.S., and Siddhānta Tattwa- 

viveka ; R : : ; m i ; ; : 421 
Munjāl i M ? : m : i n . 449 
Rāj Mrgànka, Karana Prakāša, Karana Kutühala etc. . . 445 
Karaņa Kamala Mārtaņda, Graha Lāghava etc. : ; . 444 
Bhāswatī Karaņa . : M . . ; . , 450 
Karanottama : ) M i : i i : f 438 
Second Ārya Siddhānta "UU 327 
Parasara’s view as cited in the 2nd Arya Siddhānta . : 1 nhe woe 
Dāmodarīya Bhatatulya. S trs i : 342 


*The information in this paragraph has been taken from Grant's History of Fhysical 
Astronomy, pp. 318-20. 


**The information in this para has been given on the basis of Colebrooke’s essay (See 
Asiatic Researches, Vol. XII, p. 209 et. seq.). l 
***Rehetsake observes that according to Al But ēni's opinion the equircctia] motion 


was 1? in 70 years (i.e., 517.4 annually). (See Journal of the Bembay B.R.A.5.. Vol. XI, 
No. XXXII, Art III. Which of these two views should be taken as reliable ? 
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The date mentioned in the last work, Bhatatulya, has no independent 
value. The reason is this. Although the author does not mention in clear 
terms that the ayanāmša was zero in Saka 342, the year can be derived as 
the initial year from his method of calculating ayanāmšas and the reason 
why he adopted that Saka year as the initial year, is that he compiled the work 
in Saka 1339 and adopted 54" as the annual rate of precession, as given by 
the S.S. And when Saka 342 is adopted as the beginning year, the ayanāmšas 
in Saka 1339 come to 14°-57’. If Saka 444 be adopted as the starting year 
and 60” the annual rate, we get 14°-55’, that is, almost the same ayanāmša 
in Saka 1339. And from this it is evident that because in his time the ayan- - 
āmšas obtained from other works were about 14?-55', he could not go beyond 
this value; and he also wanted to adopt 54" as the annual rate ; hence, his 
Zero-precession year comes to Saka 342. Leaving aside, for the present , the 
years adopted by the second Arya siddhānta and Parāšara, let us consider other 
years. The Zero-precession year according to a siddhanta would be that 
year in which the moment of the Sun’s entry into the first point of Aries, accord- 
ing to-that siddhānta, coincides with or occurs very near to the moment of 
sayana Aries Ingress. The times of mean & true Aries Ingress in Saka 450, 
according to different Siddantas, were as given below :— 


Mean Aries Ingress  ' True* Aries Ingress 
(Saka 450) (Saka 4S0) 
Caitra S. 14, Monday Caitra S. 12, Saturday | 
(20-3-528) (18-3-528) 
(after mean sunrise at (after mean sunrise at 
Ujjayini) Ujjayini) 
Ghati Pala Ghati Pala 
Original Sūrja Siddhānta 3 45 13:5 3c a 
Five modern Siddhāntas. — . 46 382 d P 
First Arya Siddhānta — -. 45 6.2 dc ifs 
Second Arya Siddhanta . . 47 132 : 2 
Raj Mrganka. Karana Kutühala 47 24.6 4 47 
Brahmagupta Siddhanta . ; 52 10.8 1 


(On caitra S. 13, Sunday) (On Caitra S. 11, Friday) 


The Sun's tropical longitude **at the moment of the true Aries Ingress 
according to different Siddhāntas was as given below :— 


Sign Degree ' Min. 


Original Sürya Siddhànta . 11 29 58.9 
Five modern Siddhāntas . ; 0 0 0.3 
First Ārya Siddhānta : ; ; 11 29 58.8. 
- Second Ārya Siddhānta i 0 0 0.9 
Raj Mrganka etc. . i A . 0 0 1.1 
Brahma Siddhānta . i i M 11 29 7.1 


* The true Aries Ingress occurs 2d—10gh—15p before the mean zccordirg to S, S 
nd 2d—10gh—24p before mean according to Brahma Siddhānta. The difference of 2d 


I has through out been taken. It will, however, cause no difference in the 
result. 


**The tropical longitude of the sun has been calculated from Keropant's Planetary 
Tables. While calculating it, 3 minutes of arc have been adopted as secular equajion. In 
his book Keropant has taken the true Aries Ingress (Nirayana) according to the Sūryā Siddhā- 
nta. But thetimeadopted by him for it is.slightly in error. The moment of the true Aries 
Ingres as actually calculated from S.S. is 51 palas less than that found from Keropant’s book. 
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This shows that Brahmagupta's Samkrānti differs much from the Sāyana 
Samkrānti, by about 54 Chatis in Saka 450, and the year in which both the 
Samkrāntis would coincide comes to Šaka 509 this is so because the length 
of the year adopted by Brahmagupta is different from that of others. The 
question of the length of the year has already been discussed in the course of 
the authors account of Brahmagupta. This point and the moments of the 
true Aries Ingress given above show that when the Zero-precession year was 
determined, it was not determined from Brahmagupta's length of the year. 
The Zero-precession years, that is, the years in which the moment of the true 
Aries Ingress of the other Siddhàntas coincided with the moment of the 
Sayana Aries [ngress, on the basis of their respective year-measures are as 
follows :— 


Saka 
Five modern Siddhàntas including S.S. . í A mo v 450 
Mool Sürya Siddhānta, First Arya Siddhanta .. .. ; : 451 
Second Arya Siddhānta, Rajmrgànka, etc. M l M , 449 


This will show that, of the zero-precession years given by different works 
(page 215), those of Munjal and Bhāswatī Karana are very accurate. The 
Saka year 444 or 445 which is now in use, is also fairly accurate.* The reason 
why S.S. adopted Saka 421 as the zero-precession year, in the author's opinion, 
appears to be as follows :— 


According to this Siddhànta, the ‘‘Ayana’’ completes one oscillation in 
7200 years*; in other words the equinox moves in one direction and returns 
to its place in 3600 years. It was at the initial point at the begining of Kali- 
yuga. The period of 3600 years from then terminates in Saka 421 ; and the 
true Aries Ingress, according to S.S., occured in that year only about 29 ghatis 
earlier than the Sāyana Aries Ingress ; hence, Saka 421 was adopted as the 
Zero-précession year. The work, Karaņottama, gives 438 as the year but 
as the author has not seen the work he refrains from offering any comments 
on it ; still the year is very near to the correct one. According to the method 
given in the Second Arya Sidchanta, the year comes to Saka 527. It has 
already been pointed out above,that as the method of finding the ayanāmša 
is similar to that of finding the declination, the rate of precession is not always 
the same. The second Ārya Siddhānta was written some time after Šaka 
527, when the ayanāmšas obtainable from other works, those calculāted by 
the method of the second Ārya Siddhānta, and those found by observing 
the shadow, all the three amounted very nearly to the same quantity and the 
number of revolutions of the ayana-point was determined on that basis ; and 
**this is the reason why the Siddhānta gives Saka 527 as the Zero-precession 
year. The same thing applies to Parāšara's view cited in the second Arya- 
siddhānta. Anyway, the date of zero-precession adopted in our works is 
beyond doubt fairly accurate. Jf is the opinion of some that since the junction 
star of Revati coincided with the equinox of Saka 496. according to the accurate 
modern European methods of calculation, the Zero-precession year must 
be Saka 496 ; but it is not justifiable . This question will be discussed later 
on. 


* It is not claimed that the above calculation of the tropicel longitude of the sun is 
extremely accurate. If there be a variation of 1 minute of arc, the zero precession year will 
also vary by a year. 

** Taking this for granted, the date of the compilation of the second Aryasiddhatua 
comes to about Šaka 900. 
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How Ayanamotion and the Date of Zero-precession were Determined 


,We tested the accuracy of the precessional motion and the date of Zero- 
precession after comparing them with the tropical longitude of the Sun found 
from modern European works and the rate of precession determined through 
accurate investigations of modern times; but we must see how our people 
determined these things at all. Bhāskarācārya says :— 


aing fat arg sper xfawfug] gera afaa 1 fena fud 
afore 1 EST Ufa: mn (p dep AAT See TET demi dur: | 
Gau alt 1 aT g TAPA Tae Va TATA: | 

MAIER, INR 2 AT. 


The purport of these lines is that the difference between the calculated 
longitude of the Sun on the Vernal or Autumnal equinox day and the equinox 
concerned, is known as Ayanāmśa. Bhāskarācārya further observes that 
the difference between the longitude of the Sun on summer or winter solsticial 
days calculated from siddhānta and allied works and 3 or 9 signs also gives the 
ayanāmša. The Ayanāmśa should, therefore, be briefly defined as * the 
**difference between the sayana Sun and calculated Sun." The Sūrya Siddhānta, 
in the chapter on *'three problems" says, i 


vp THT maaa fagaga wae cafe St HaHa, SOIT GU Le 
aah wae qeuregserarferm 11* 
frenar. 


The S. S. has, in verses 17 to 19 of the above-mentioned chapter, described 
the method of calculating Sun's longitude from the length of the shadow and 
itis indisputable that the longitude so obtained must be tropical (sayana). 
Hence, our works define Ayanāmša as the difference between the Sayana Sun and 
the calculated Sun. And it is evident that by following this method some time 
after Saka 445, our astronomers must have found the sun’s longitude several times 
from the shadow and thereby determined first the ayanāmša for the date, then 
the ayana motion and from that the zero-precession year. Observation work 
must have been carried on for several years for this purpose. It is obvious 


that the longer the period of observations, the more accurate such results would 
be. 


ASSOCIATION OF THE JUNCTION-STAR OF REVATĪ WITH 
AYANAMSA-PROBLEM 


The above discussion will also show that the junction star of Revati (Zeta 
Piscium) has nothing to do with ayanaméa or ayana-motion. According to 
modern astronomy the length of the sidereal year is 365° 15€ 22» 53YP** 13vPv, 
If that had been the measure of the year adopted by our astronomers, then the 
junction star of Revati or some other star assumed to be the initiàl point of 
the zodiac, would have had some relation with the ayana motion. In other 
words, if the junction star of Revati had been taken to be the initial pointi, 
then Saka 496 would have been regarded as the zero-precession year since 
the equinox was conjoined with that star in Saka 496, and ayanāmša would 


*The meaning of this verse has been given (page 207) 
** Le Vernier's Tables. 
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have been defined as the distance of the junction star of Revati from the equinox. 
But the length of our year is not equal to that mentioned above, and hence, 
it cannot with certainty becalled a sidereal year. Again, if the junction star of 
Revati were taken as the initial point, its longitude oughtto have been zero ; but 
S. S. and Lalla do not take its longitude to be Zero. Aryabhata and Varāha have 
not given the longitudes of junction stars at all. Brahmagupta and almost all 
other later astronomers except Lalla regard its longitude as Zero ; but their 
initial point was not and could never have been near the junction star of Revati. 
If we try to find out the year when, according to the modern S. S. the sun, at the 
moment of the vernal equinox, was near the junction star of Revati, it comes to 


Saka 177 ; and from that date, the position of the initial point of S. S. has been . 


moving east of the junction star of Revati at the rate of 8"5 per year.* The 
year in which the initial point of other works except the Brahma Siddhānta 
coincided with Revati and its annual rate of eastward motion, agree with those 
of S. S. The year in which according to Brahma Siddhānta, the sun was con- 
joined with the junction star of Revati at the time of the true vernal equinox, 
comes to Saka 598, and his initial point has been moving east of Revati at the 
rate of 7^38 per year. In short, if it be assumed that the year adopted by our 
astronomers was sidereal and that Revati was the initial. point, the year in 
which the equinox coincided with Revati would be the zero-precession year, 
and the distance of the equinox from this star (in any subsequent year) would 
be the ayanāmša. Theoretically, the argument would be correct ; but it is not 
borne out by facts. In other words, we would not get the expected results 
because of a different length of year adopted in our works. Again, the star 
which is named Zeta Piscium by European astronomers and which has been 
determined to be the junction star of Revati by Colebrooke and other European 
scholars, is a very faint star. The stars have been graded according to their 
importance and luminosity. Very bright stars like Spica (Citrā), Arcturus 
(Swati), Aldebaran (Rohini) are classed as stars of the first magnitude ; Uttarà 
Anurādhā and some others are of the second magnitude, Krttika & some others 
are of the third magnitude while Pušyā and some others are of the fourth 
magnitudei Revati stands between the 4th and 5th magnitude. According 
to some, it has even been classed as a sixth magnitude star ; there are only 
2 or 3 other stars out of 27 which are similar or inferior to it in magnitude. 
Orhodox astronomers who can point out this star in the sky would rarely be 
found at present. In short it is such a faint star that there is hardly any possi- 
bility of its being used for observation. It is clear from the above (page 218) 
quotations from S. S. & Bhāskarācārya that it was not used for finding the 
ayanāmša, and wherever methods of taking observation have been described 
in our works, fixed stars have very little to do with them. The method of 
converting a planet's place into its sāyana equivalent and then observing it 
with relation to the equinox or the Sàyana sun appears to have been consi- 
derably in use. The author will now show by an example how an error would 
have occurred in the result, if our astronomers had assumed some relation 
between Revati star and precession, that is to say, if they had adopted 507-2 
as yearly ayana motion, which was its displacement from the equinox in one 
year, and had defined “Ayanaméa as its distance from the eguinox”* The 
Sun's longitude on Friday the 23rd September 1887, Asvina S. 7, Saka 1809, 
at sunrise according to Grahalàghava, was 5* 7° 5’ 37". The ayanāmšas 
in this year were 22° 45'. Adding these to the above value, we get 5* 29° 50' 
37" as the tropical longitude of the Sun. The Sun thus enters Libra (sāyana) 


*The mean Sun moves by so much during the time difference between tbe length of 
the year of S. S. and the accurate modern value of the sidereal year. 


~ 
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after about 9 ghatis after sunrise and that day ought to be taken as an equi- 
noctial day ; and the Grahalāghava almanac has given 30 ghatis as the length 
of the day on that date. For the same day, Keropant's almanac and Sayana 
almanac show 30 ghatis as the length of the day. It, therefore, shows that 
the length of the day given by the Grahalaghava almanac is correct. Now, 
Keropant's (Patwardhani) almanac has given 18? 18' 13” as the Ayanāmša 
for the date, which is equal to the distance of Revati from the equinox. ` Add- 
ing this arc to the Sun's longitude as calculated from Grahalāghava, we 
get 5° 25° 23’ 50” as the Sun’s tropical longitude. This means that the length 
of the day would be 30 ghatis, 4 or 5 days after the 7th lunar day of Āšvina 
Šukla, which is wrong. We must, therefore, accept the view that our astro- 
nomers were guite justified in determining ayanāmšas on the basis of the 
difference between.the observed longitude and the calculated longitude of the 
Sun, and the Ayana motion on the basis of these Ayanāmša figures. it 
would be proper to ehange the ayana motion, if the length ofthe. year is changed. 


WHEN WAS PRECESSIONAL MOTION FINALLY DETERMINED ? 


It is rather difficult to say when he ayana motion was finally determined. 
"The Laghumānas Karaņa, written in Saka 854, has given the ayanāmšas of its 
‘time and also 60" as the ayana motion ; and both these figures are tolerably 
correct. It is therefore, beyond doubt that before Saka 800 people had 
completely understood the ayana motion. ‘The astronomical works written 
before Saka 427, such as the original S. S., the First Arya Siddhānta & the 
Pafica Siddhantika do not speak of the ayana motionat all. From this it 
appears that the problem of ayana motion was not considered till Saka 427. 
The modern S. S. does mention it and it has been fully discussed on page 206. 
BRAHMAGUPTA and Lalla who lived after the modern S. S. do not make any 
mention of the ayana motion while it has been referred to in the S. S. compiled 
before them. This fact makes one suspect that the verses about the ayana 
motion in it were interpolated later. The verses in question are given in the 
chapter on the three problems. As a matter of fact the numbers of the 
Ayana revolutions ought,to have been given along with other numbers of 
revolutions, in the chapter on mean motions. Again, the correction on account 
of ayana ought to have been mentioned in the chapter on true places, parti- 
cularly at the place where the methods for finding declination and ‘cara’’ 
are described ; but it is not given there. There is, however, a solitary place 
(verse 6) in Patadhikara, where the correction is mentioned, in addition to the 
chapter on three problems, nowhere else it is mentioned. Further in the 
Mānādhikāra, the term ** Ayana” is applied to the Sun's entry into Capricorn 
and Cancer. It clearly shows that these verses must have been interpolated 
‘later on, because if they are totally removed from the chapter on three problems, 
one, would not feel any hiatres in the continuity of the text. But Bhāskarā- 
cārya seems to think that the Ayanacalana referred to by S. S. had been ex- 
panded before the time of Brahmagupta (See page 209). As Bhāskarā- 
carya lived 500 years after the date of Brahmagupta, his statement must 
carry more weight than the inferences of modern students living 1200 years 
after Brahmagupta. One is thus at liberty to say that the problem of Ayana- 
Calana must have been under consideration at the time of the modern S. S. 
as it existed before the time of Brahmagupta. It was, beyond doubt, discussed 
in Visnu Candra's works which existed before the time of Brahmagupta, 
about Saka year 500. It was Brahmagupta's opinion that a Samkramana was 
Sun's entry into a tropical sign and the sàyana “ Mithunànta " (the Sun’s exit 
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from Gemini), the beginning of Daksiņāyana. (This has already been shown 
in my account of Brahmagupta). Lalla’s works make no refcreāce to the 
ayana motion. Jt may be due to the fact that either it was his belief that the 
beginning of Daksiņāyana and the end of Mithuna sign were the same, or else, 
the difference between the longitude of the calculated and observed (Sāyana) 
place of the sun was not perceptible in his time. In short, the ‘ayana calana” 
became a problem of study about the year Saka 500 and that à thorough 
knowledge of the problem was acquired by Šaka 800. 


CHAPTER IV 
ON OBSERVATIONS | 


General Description 


The word 'vedha' is derived from the root *vyadha'. Vedha is the name 
given to the act of observing the sun or anyother celestial body by holding a 
rod or a stick or some other object in between. Because the luminous celestial 
body is ‘struck’ by the rod, the act of observation has received the name “‘vedha”’. 
The simple casting of a look at a celestial body is termed ‘avalokana’ (sighting); 
but this act also can be termed *observation'.: Let vs call this kind of observa- 
tion *drstivedha” (i.e. look). The observation which is taken with the heip 
of a stick or other means of taking observation, commonly known as * instru- 
ments”, should be termed *yantra-vedha' (i.e. instrumental observation). 


Our Tradition favours Observation 


Europeans say that our people have no knowledge of observation, that 
our country lacks the tradition of taking observations, and that they have 
no instruments for taking them ; and they put forth this plea as the main 
ground for their contention that the Hindus borrowed the science of astronomy 
from the Greeks. Certainly it cannot at all be said that our people have no 
liking for observing natural phenomena or that they have no such tendency. 
This 'has been proved on the basis of many things pointed out in Part Ong. 
Thus the 27 naksatras, were known to us even in the dim and distant past, 

"the Vedic times. The Rigveda refers to Saptarsi stars and the planéts. The 
Yajurveda describes the 27 nakgatras at great length. In addition to this, 
the author has pointed out allusions to the constellations known as the pair 
of divine dogs, the divine boat, and the Prajápati controlling the naksatras. 
The Taittirtyo Samhita narrates a lengthy story about the extreme love of the 
Moon for Rohinī, and the origin of the story is found in the phenomena of the 
Moon's close conjunction with the star Aldebaran, and the latter's occulta- 
tion by the Moon, which occurs repeatedly in a period of six years out of every 
nineteen. The Āšwalāyansūtras allude to Dhruva and Arundhati. We 
know of the phenomenon of saturn splitting the car of Rohini 7000 years ago.. 
The Mahābhārata abounds in the description of: planets, comets and stars, 
and the instances have already been cited before. Even the Ramayana of 
Valmiki refers to the planets and stars at many places. Clusters of stars are 
mentioned in the Yajiavalkya Smrti. Our liking for the observation of 
phenomena becomes evident from these several references occurring in works 
which are not purely astronomical. Again,.there is no doubt that some at 
least out of the samhitās compiled by Garga and others belong to a period 
prior to that in which our astronomical system was firmly established. They 
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mainly deal with the question of ** grahacāra” i.e. the movements of planets 
through the naksatras. Varāha Mihira has in a long chapter entitled Ketucāra 
described a good many comets. In the beginning of the chapter, he observes,' 


qur fafaart amaaa Tn wars aga, star PARAPAN: 
which means thiat he was describing the comets on the basis of the descriptions 
given by Garga, Parāšara, Asit, Beval, and many othersages. The author is 


giving below some of the quotations from Parāšara and others, cited by 
Bhatotpala in his commentary on the above verse :— 


gr: p TATU faai Gaga, AIA Ta aa, a Tera Uri FARA 


faananea ferar: Sr Waa WT, sad aaa gfremrasfa uo HA 
xfedisqfd was sr: seq Tadao paara ufa: N 
TETAS 


Purport.—The Paitamaha comet re-appears after travelling for 500 years 
(i.e. disappears for 500 years, after it is first seen and then appears againt. 
The comet named Uddālaka Svetaketu appears after travelling for 110 years. 
The comet Kāšyapašvetaketu whose tail is pointed like a spear, and who, after 
the disappearance of the comet Padmaketu, first appears in the East, after hav- 
ing travelled for 1500 years, and who, after contacting the Brahma (Abhijit) 
constellation, the Pole star, the Brahmarasi* and the Great Bear, traverses 
the third part of the sky, turns to the left and gives plenty of crops for as many 
years as the number-of months it remains visible in the sky, with its semi-circular 
tuft of hair. Vibhàvasujara$miketu, after having travelled for 100 years, 
makes its appearance near the Krttika stars after the Avartaketu. It has a 
tail of smoke. ` 


Descriptions of many such comets are available. The comets may have 
received the names Uddālaka, Kāśyapa etc. after the Rsis who discovered and 
investigated the nature of these comets. This is just like what we find at 
present in the case of comets such as Enkļs comet, Halley's comet, 
etc. named after European astronomers ; and these descriptions appear to 
have been given on the basis of researches traditionally carried on through 
centuries. The statements of Aryabhata and Brahmagupta that they deter- 
mined the positions of the Sun and Moon after observing the eclipses have 
alread y been given. If the work of taking observations is carried on conti- 
nuously for several years, it gives useful results ; and it is not possible to do 
this without royal patronage.  Varāhamihira has described how astronomers 
deserve respect. He has also written that kings should employ astronomers 
in their service, that some of them should be engaged in the task of taking 
"daily observations of the sky, and that they should distribute amongst them- 
selves different parts of the sky, and then take observations. From this and 


* The word Brahmarāši occurs in Chapter HI of Bhismaparva in Bhürata, as can be 
(seen from the extract given ın Part I (page 117). It seems from this and also from the 
iabove reference, as also from the fact that Brahma was the deity controlling the Abhijit 
naksatra, Brahmarāši was the name given to cluster of stars around the Abhijit star 
and the description of the place occupied by the comet agrees with what one may find Ou 

he Celestia] globe, There is nothing impossible in this; particularly the semicircular 
hape of the hair (described in the passage) tallies exactly with the position with 
espect to stars in the sky. 1 
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from the astronomical works, Ràjamrganka Karana by King Bhoja, and 
Karana Kamala Mārtaņda by King Daéabala of Vallabha dynasty which have 
been mentioned before and from the fact that several authors of astronomical 
works had the patronage of kings, as can be seen from their own account, 
it appears that the work of taking observations used to be carried on, by royal 
support. Corrections recommended by different astronomers to be applied 
to the mean places of planets have been given before at several places. It 
is evident that these could not have been devised at random. Kešava, for One 
has described the observations actually taken by him (page 129). 
KAMALAKARA the author of Siddhāntatattvaviveka has declared that the pole 
star has a shifting motion. Even in these days we come across persons who 
have a liking for observing things. One finds several persons who can correctly 
point out the planets and several stars even though they have not studied 
astronomy. Thus two persons who had absolutetly no knowledge of English, 
Sanskrit and astronomy once casually told that the pole star is not stationary ; 
and one of them was very fond of observing stars, risings and settings of planets 
and their conjunctions, and he was very helpful to the author. Once a Vaidic 
Brāhmaņa named Pādhye, a resident of Āgāšī, casually met the author in 
Poona in Saka 1809. He had not studied any system of astronomy. Still, he 
chanced to state that, while most of the stars moved from east to west, some 
stars (those near the North Pole) move in a reverse direction, that is from west 
to east ; and he told that he came to know of it from his brother Narayana 
Janardan Pàdhye. That brother died in Saka 1795. At that time he was 
about 22 years old. He was surprisingly intelligent. There may be several 
such people living. The experiences related here may appear very trivial to 
some ; but man must have acquired knowledge of astronomy in the initial 
stages, through the efforts of such persons ; and my object in relating such 
experiences is to show that the habit still persists among our people. Euro- 
peans are surprised to see that while the Saura, Ārya and Brahma siddhāhtas 
mention the numbers of revolutions and other elements of planets, no hint 
is anywhere given as to how.these were calculated and no information of the 
observations taken has been recorded in them. But they do not take into 
considaration the conditions in ancient times and the beliefs of our people. 
In those times when even scripts or any means of writing, not to speak of the 
printing presses, were not easily available or were even non- -existent and all 
knowledge was preserved by the tradition of being vocally imparted by the 
teacher to his disciples. Hence, it was but natural that only the siddhāntas 
which embodied the results of research survived while their sources perished. 
Again, nobody will now feel astonished if one predicts the time of the occurrence 
of an eclipse. But in ancient times a man who could predict these phenomena 
was naturally considered to be superhuman. If he compiled a work, he 
would naturally incorporate in it only the resulting principles without mention- 
ing their preliminary forms or the means employed in arriving at them. Then 
in course of time, the work would possibly come to be regarded as ‘apauru- 
seya’ (divine) after the author's name is forgotten & lost ; and once this practice 
secured a firm footing, the future authors of ‘human’ works abstained from 
mentioning the preliminaries leading up to the final results. These were 
quite probably the reasons why our ancient works lack the information about 
the observations taken, similar to what we find recorded in Ptolemy’s works 
about his own observations and those taken by Hipparchus, or in the works of 
later western astronomers. However, some information about the individual 


efforts made in respect of observations has already been given and some more 
will be given further on. 
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DESCRIPTION OF INSTRUMENTS 


The instruments for locating the positions of planets and those for mea- 
suring time will now be described. The works compiled by Bhāskarācārya 
are widely known. Hence, it will be of convenient first* to describe the ins- 
truments mentioned by him ane then to give a brief account of what we find 
in other works. 


GOLA YANTRA 
OR 
(Armiliary Sphere) 


A straight round stick of uniform thickness should be taken. It may be 
called “‘pole-stick” (dhruva-yasti). A small spherical ball which can easily 
slide should be fixed in it, in the centre, to represent the earth, Then a (con- 
centric) sphere to represent the starry sphere should be fxed ail round it, 
It should represent tne celestial sphere in which the Sun and other planets 
are seen to move round the earth. The construction of the starry sphere 
(bhagol) is as follows :— 


Prepare an exactly circular ring**. It shouid be so tied at two points to 
the pole stick that it will be divided by those points into two exact parts. A 
second ring of the same size should be tied to the sticK, so that it will cut the 
stick in those two points, will be perpendicular to (the plane of) the first ring, 
and will itself be bisected at the two points. These circuiar rings are called 
the pair of “standard great circles”. Tie a third ring to these rings at four 
points so that it will be at right angles to them both, and the pole stick will 
be its axis. This ring is termed ‘Nddivaleva or Visuvavrtta'. Divide this 
ring into 60 equal parts to represent nàdis ior gha:ika-). A circular ring of 
equal circumference, called ‘Krantivrtta’ or the eciipti. circle should be tied 
to the ‘equator-circle’ cutting it at two points and inclined to it at an angle of 
24°. The Sun moves in this circle. It should be divided into 12 equal parts 
to represent the signs. If the ball representing the earth be supposed to be a 
planet other than the sun, ‘great’ circular rings should be tied to the ‘ecliptic- 
circle” at angies equal to the inclinations of the orbital planes of the planets. 
These also should be marked to show the signs. Then circular rings showing 
diurnal circles should be tied to the ecliptic circle. While tying the circular 
rings, care should be taken to see that a portion of the stick is kept project- 
ing and these ends should be passed into two tubes fixed in the celestial 
sphere whose construction is described later on. The ends of the polestick 
should point to the poles of the equator, so that the north end of the sück 
should be found to make an angie, equal to the latitude of the place, with the 


* This description has been given from the charters on Golabandha and Yantras (istru- 
ments). If an attempt be made to describein deteil the ^nstruments alorg with an expla- 
nation of their names, such as Nāģ valaya, end other terms, much space will be occupied, 
and even wth all thet, it is very difficult to present a description that would 
enable one to understand them properly without ectuelly seeing them. Hence, only 

a brief description hes been attempted. These towever. will help evena layman to 
indere tand wel! the chapters on Golādhvāya erd Yantrādhyāya by Bhāskarācārya. If 
all these :nstruments are madeinthe Chhatre memorial scheme, they will prove very 
useful at a moderate cost. 


**Straight, pliable, and soft bambcos have been recommerded for preparing these 


rings. Even those made out of wire will do. These rings themselves represent circum- 
ferences ef circles. 
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north pole of the eguator lying in the celestial globe which is fixed clearly all 
round the 'starry sphere'; and the ends of the pole stick should be so passed 
into tubes that, while the ‘khagoi’ (celestial sphere) would be kept fixed in 
position, the starry globe would freely rotate in it. The celestial globe should 
be so set as to envelope the starry globe. Its construction is as follows. Its 
circular rings should, of course, be larger in size than those of the starry globe. 
The ring representing the 'samavrtta' (prime vertical) which passes through the 
zenith, nadir, ana the east and west points, simiiarly the ring representing 
the meridian, as also the two other rings representing the secondary directions— 
all these four rings should be of the same circumference. These should be 
tied to one ancther, so that each of them would pass above and below the 
others. The ring representing the plane of the horizon should be tied to them 
ali, midway between them. The north pole should be set above the horizon 
at an aititude equal to that of the latitude and the south pole at an equal 
depression beiow it. Prepare a ring representing the * Unmaņģal (six o'clock 
circle) i.e. the great circle which would pass through the east-west points and 
both the poles which are points in the meridian circle to which the ends of the 
pole stick in the starry globe are directed. Then tie a ‘nadivalaya’ (celestial- 
equator-circle) which lies in the plane of the equator of the starry globe and 
which is larger in size. This should be graduated into ghatis. Then fixing 
nails at the points representing zenith and nàdir, another ring should be so 
fixed in position that it would be free to rotate in a vertical plane with the two 
nails as the pivots. This is to be called a ‘drngmandal’ (i.e. the vertical circle 
for observation). As this isto be rotated inside the celestial glove it should be 
somewhat smaller in size. A planet is to be observed after so rotating the 
vertical circle that the planet would be seen in the plane of the observation 
circle. This celestial globe should be so fitted around the ‘starry globe’ that 
the ends of the pole stick could be made to pass through the two tubes fitted 
onto it. Then after fixing two tubes in the ‘khagol’ from the outside, another 
globe called driggola should be fitted on ; and all circular rings like those in 
the ‘khagol’ and ‘bhagol’ should be fixed on to it. This globe is to be cons- 
tiructed so as to enable one to have a proper understanding of the arcual lines 
like ‘agra’ (amplitude) ‘kujya’ (the radius of the earth) etc., which require the 
reference to two globes. The whole structure is now Called a *gola' (i.e. 
a globe). (Our astronomers sometimes used the term **ksetra”, to denote lines.) 


The orbits of planets should, if necessary be tied in this globe separately 
with circles of aphelia and perihelia. This globe has been described to show 
the construction of the Universe. In fact it is very difficult to tie together 
all these rings, and itis still more difficult to take observations with their help. 
for instance, if the starry globe is fixed inside a ‘khagola’, it will be difficult 
to fix the observation circle. 1t cannot be believed that Bhāskarācārya and 
others could not realize these difficulties. It is clear that at the time of taking 
actual observations only the most necessary rings should be made use of, 
and observation can thus be taken. We had no instrument of the type of 
astrolabe designed by Hipparchus ; but this speaks for the independence of 
cur works in this respect. The above globe can be used in place of the astrolabe, 
Brahmagupta, Lalla, and both the Aryabhatas have recorhmended the cons- 
truction of the same kind of globe. The globe described by the First Ārya- 
bhata is less complicated than this. 


Bhāskarācārya has mainly described nine kinds of instruments, and their 
chief use is to find time ; but three of them can be used mainly for taking 
observations of the celestial bodies. 1 shall here describe all of them briefly. 


1 DGOJ69 16 
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1. The Cakra Yantra (The disc instrument):— 

Procure a disc* of metal or wood. Make a fine hole at its centre. Provide 
some pivot to the rim of the disc, to which a chain etc. can be attached to 
support the instrument with. Mark on the disc a line passing through the 
pivot and the central hole : (this will always remain vertical when the instru- 
ment is held suspended in position). Mark on it another line perpendicular 
to the first line and passing through the centre. Mark graduation lines on the 
circumference of the disc to indicate degrees. Pass a rod through the hole, 
perpendicular to the disc. It will serve as an axis. Hold (in hanging posi- 
tion) the disc, with the help of the support before the Sun in a vertical plane, 
so that the axis will cast a skadow on the disc. The degrees counted from 
the point in which the shadow cnts the rim to the point in which the horizental 
line cuts it, wiil give the altitude of the sun, and the degrees counted from the 
point to the lowermost point of the disc, will give the zenith distance. (The 
time of tne day can be calculated from this). The same disc may be so held 
that any two of the ‘zero-latitude’ stars, Pusya, Maghā, Čitatārakā and Revati 
will be found to be in the plane of the rim. (The disc will thus be held in the 
plane of the ecliptic). Then the planet will be sighted by moving the eye 
to and *o, so that the axis would intercepi the sight ; the longitude and 
latitude ši pizaostscauthus be found. It isin a way similiar to the ‘drimandal’ 
of the Gola Yantra. 

2. The Cāpa (Semi circular disc) :— 

The half part of the Disc instrument is called a ‘Capa’ instrument. 


3. Turyagola (Turiya Yantr^) :—Half part of the ‘Capa’ instrument ie 
a ‘quadrant’ forms a Turiya instrument. 


These :l:ree instruments are chiefly used in taking observations. 


4. The Gola instrement (Globe instrument) :—Placing a ‘bhagola’ in a 
‘khagola’, mark a spot on the ecliptic ring at a place where the sun is expected 
to be on a particular day. Then so rotate the ‘bhagola’ that the mark will 
cut the horizontal circle. Mark that point in the horizon in which the plane 
of the equator in the *bhagola' will appear to cut. Then again rotate the 
“phagola’ so that the spot marking the Sun’s position will cast a shadow on 
the *bhugola' i.e., the terrestrial globe. Where the shadow is cast, the number 
of ghatis indicated between the spot and the ‘nadivalaya’ will give the number 
of ghatis elapsed after sunrise on that day. Then the point of the ecliptic 
in contact with the horizon will give the ascendant at the moment. 


5. The Nādivalaya :—Procure a circular disc. Graduate its rim in ghatikās. 
Pass a rod through its centre perpendicular to the disc. When the rod is held, 
»ointed to the pole, it will cast a shadow on the rim ; and from it the hour angle 
(natakal) or its complement can be read. If this very disc is so fitted in a globe 
that the pole stick will pass through its centre and the terrestrial globe will 
occupy the central position in it, and if marks indicating ghatikās, rising of 
signs, and the sixfold division of signs (lagna ; hora ; dreskāņa ; navaméa ; 
dwadasamsa & trimšāmša) are made on it, then the shadow cast by the stick 
will help in finding the time elapsed and the sixfold divisions. 

6. The Ghatikā Instrument :—This is too well known. 

7. The Sanku (Gnomon) :— 


aūku is a piece of a round, straight and uniformly thick rod 12 *anguls” 
in length and having its ends plane and uniform. The chapter on three pro- 
blems describes methods of finding time etc. from the shadow cast by it. 


*The deacription will show that it is not a wheel but a disc cut out from a sheet (of metal). 


JYOTISHA SIDDHANTA PERIOD 227 


8. The Phalak Instrument :—It is an instrument for finding time designed 
by išhāskarācārya on wie principies of the Cakra Yantra. Its details are 
not given here for want of space. 


9. Yasti Yantra (Pole instrument) :— 


Draw a circle with any radius on an even horizontal ground. Mark off 
principal directions on it and then draw arcs showing ‘agra " (amplitude of the 
day), both in the East and the West. Draw another concentric circle smaller 
in size and having a radius equal to **dyujya ” (sky-radius). Mark off points 
on it to show 60 ghatis. Take a stick equal in length to the radius of the 
Outer-circie and hold it pointing to the Sun, with its one end placed at the 
centre of the circle, so that the stick will cast no shadow. Place in the smaller 
circle a rod which is equal in length to the distance of the other end of the 
stick and the end of the amplitude marked in the east. The arc showing ghatis 
intercepted between the ends of the stick will show the time elapsed (in ghatis). 
If the sun is in the West, the distance between the ends will give the number 
of ghatis showing the time left for the day to end. The methods of finding a 
number of things like ‘palabha’, with the help of the “Yastiyantra’ have been 
desctibed.- Brahmagupta and Lella have described the method of finding 
„the distance between the Sun and the Moon, and irom that the titni, with the 
help of a similar but somewhat different type of a ‘yastiyantra’. 


Bhāskarācārya has mentioned two other additional self propelled instru- 
ents for finding time. 


We find in Atharva Jyotisa, discussion of the shadow cast by a gnomon, 
which proves% that the gnomon was known to us before our science of astro- 
nomy came in contact with that of the Westerners. "The Pafica Siddhāntikā 
contains a chapter on instruments, which is not quite intelligible ; still it appears 
that many of the instruments described by Brahmagupta and ‘others were in 
use in those times. Aryabhata I has not described any instruments at all, 
but has mentioned a globe as described above. He has, in addition, stated 
that a globe should be so prepared for finding time that it will automatically 
rotate with the help of mercury, oil, or water.k* Take a wheel. Fix in it 
somewhat hollow spokes half filled with mercury, with their ends sealed. The 
wheel will then rotate automatically. Brahmagupta and Bhāskarācārya 
- have mentioned one such automatic instrument. From the globe instrument 
of Aryabhata described above and from the references in the Pafica Siddhàn- 
tika to some wonders occurring automatically by means of the instruments, 
it appears that at the time of Varahamihira there existed such instruments and 
some other kinds of ‘swayam waha’ i.e., automatically working instruments. 
Varāhamihira and Āryabhata have not described the process of construction. 
Brahmagupta also has described, in addition to the above instruments, some 
other wonders happening automatically, but has not described their processes. 

Instruments of the same type or with certain variations as those described 
by Bhāskarācārya are met with in the works of Brahmagupta and Lalla. ***But 
both of them have mentioned some additional instruments for finding time, 


*'(3) Atharva Jyotisa ”, 
*+Āryabhatya, Golapīda, coāuplet No, 22. 


***Bhaskaracarya invented a new instrument called the Phalak instrument ; but its origin 
is to be found in the Cakrayantra itself. Out of the remaining eight, Brahmagupta has not 
explicitly mentioned the Gola & Nāģivalaya as seperate instruments. He has, however, 
mentioned the Golabandha which includes the two. Lalla has not mentioned the Nadi- 
valaya out of the eight instruments, but it is included in the Gola itself. It is, however, 
somewhat surprisitīg that he has not mentioned the Turiya instrument. 


16^ 
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viz. Kartarī, Kapāla and Pitha. The modern S. S. does not describe any 
instruments in detail ; still it has mentioned the names of the following instru. 
ments :—Swayam- waha; Gola, Sanku, Yasti, Dhanu, Cakra and Kapila. 
It is interesting to note that the Pafica Siddhantika, Aryabhatiya, modern S.S, 
and Lalla-tantra do not anywhere mention the 'Turiya yantra’.* It was 
Ptolemy among western astronomers who first invented the quadrant instru- 
ment. Before his time, they used the complete circular instrument for taking 
observations ; but later on, the Western astronomers began to use the quadrant 
instrument for all purposes. In modern times, however, the quadrant ins- 
trument has completely disappeared and the complete circle instruments have 
come into use in their place. Modern scholars accuse Ptolemy of having 
taken a retrograde step by introducing the quadrant instrument.** The pur- 
pose of mentioning this here is that while the quadrant instrument has been 
mentioned by Ptolemy, it was not known to our astronomers till saka 500. 
It, therefore, proves that the Romaka Siddhānta is neither a translation of 
Ptolemy’ s work nor has it been compiled on the basis of that work and that 
we knew nothing about Ptolemy’s work, till at least Saka 500. The same 
thing was seen before from our study of the Romaka Siddhanta (Page 12). 
One more important thing which comes to our notice is that all our instru- 
ments have been invented by our astronomers quite independently ; and the:. 
quadrant instrument which came into use later on, was also independently 
invented. It could have been easily suggested by the ‘cakra’ and capa a 
truments ; and since it occurs for the first time in Brahmagupta’s work, 
‘must have been invented by him.+** 


The second Āryasiddhānta and modern siddhantas by Romaša, šākalya, 
Brahma, and Soma do not contain the chapter on instruments at all.**** 


ANCIENT OBSERVATIONS OF WESTERNERS 


It would not be irrelevant to say something here about the ancient methods 
of observations of the Westerners.f The Chaldeans, to whom the origin of 
astronomy is usually ascribed by European scholars, do not seem to have 
attained -any excellence in this important department of the science. Their 
observations of eclipses of the moon, as cited by Ptolemytt are as rude as Can 
possibly be imagined. The time is expressed only in hours, and the quantity 
eclipsed in terms of the half & quarter of the moon’s diameter. Herodotus 
states that the Greeks were indebted to the Babylonians for the pole, the gnomon 
and the division of the day into twelve hours. The pole seems to have been 


*After detecting this omission, the author could rot find time for reading the texts of 
these works minutely, particularly with an eye to the word “‘turiya’’. I have, however, 
gone through all those portions of the works where that word could possibly have occurred: 
and ascertained that it does not occur there. 

**Grant’s History of Physical Astronomy, p. 440. 


***'The fact that no mention of the ‘ turiya* instrument has been made in the Surva 
See is an additional proof to show that the work was compiied before Brahmagupta'e 
S1 ānta 


**** That does not, however, prove that these Siddhāntas were compiled earlier than the 
Surya and other siddhāntas, 


tThis paragraph has been written on the basis of Grant's History of Physical Ast 
Chapter XVIII. IE Cero DOR 


+tRehatsaik states that the most ancient of these otservaticns are the three cclifses 
which occurred in the years 719 and 720 B.C. (Jour. B.B.R.A.S. Vol. XI). 
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a concave hemispherical sun-dial, having a vertical style in the centre, by 
means of which the interval included between sunrise & sunset was divided 
into twelve equal parts. Ft is probable that by the use of the gnomon the 
Chaldeans succeeded in obtaining an approximation to the length of the 
solar year, but there is not the smallest reason to suppose that they employed 
it in determining any other of the fundamental facts of astronomy. Indeed, 
they do not seem to have made observations at all for the purpose of forming 
materials to serve as the groundwork of future reasoning. They simply 
contented themselves with noting the more remarkable phenomena as they 
occurred, and hence deducing a few rough conclusions of a general nature. 
It would appear, however, that by comparing together the Chaldean records 
of eclipses some of. the Greek mathematicians ascertained with considerable 
accuracy several periods relatingto the motion of the moon. The earliest 
astronomical observation recorded as having been made by the Greeks previous, 
to the establishment of the Alexandrian school, is a determination of the summer 
solstice by Meton, in the year 430 A.C. The instrument, termed a heliometer, 
which was used by Meton on this occasion was, in all probability, no other 
than a modification of the gnomon. The date of this solstice has been chosen 
for the epoch of the Metonic cycle of nineteen years.* A new era commenced 
in the history of astronomical observation when Alexandria became the capital 
of the civilized world. Under the liberal patronage of the Ptolemies a magni- 
.ficent building was erected, in which were deposited circular instruments for 
determining the positions of the heavenly bodies, and every facility was given 
to astronomers for prosecuting a continuous series of observations. Timo- 
charis and Aristillus are the earliest individuals mentioned in connexion with 
this school. These astronomers appear to have flourished about the year 
300 A.C. Ptolemy (150 A.D.) cites several of their observations. Among 
these are the declinations of a few of the principal stars and the records of 
eclipses. It does not appear that they were acquainted with any method for 
determining the right ascensions of the stars. Eratosthenes (275 B.C. circa) 
one of the Alexandrian astronomers, determined the obliquity of the ecliptic 
to be 23° 51’ 19". It is manifest that neither the distances of the stars from the 
equator nor the obliquity of the ecliptic could have been determined even roughly 
without the use of instruments. In treating of the obliquity of the ecliptic, 
tolemy describes an instrument for determining the meridional altitude of the 
sun. It was composed of two concentric circles, placed exactly in the plane 
of the meridian, one of which revolved within the other about their common 
centre. The inner circle carried two small prisms attached to the opposite. 
extremities of a diameter, and when the sun was on the meridian, it was turned 
round until the shadow of the upper prism fell exactly upon the lower one. 
An index, affixed to the latter, then marked upon the graduated limb of the 
outer circle the meridional altitude of the Sun. It was, in all probability, by 
means of an instrument of this construction that Eratosthenes determined the 
altitude of the Sun at each of the solstices & hence deduced the obliquity of the 
ecliptic. Ptolemy cites a passage from Hipparchus which shows that at 
Alexandria they used to ascertain the passage of the Sun through the equinox 
by means of a circular ring of metal disposed in the plane of the equator—the 
shadow of the upper half being watched until it fell upon the inner or concave 
surface,of the lower half. It is not by what means the earlier astronomers 


* Meton fixed 6940 as the number of days in a cycle of 19 solar years (Indian Eras by 
Cunningham, page 43). This makes the length of the year 365d 15gh 47 368p31. Calippus 
"made an improvement in the Metonic cycle by discovering the cycle of 76 years by which the 

length of the year became exactly 365d—15gh (Indian Eras,p. 43). It is worth noting thas 
mone of our astronomical works have adopted these cycles or lengths of year. 
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deterthined the declinations of stars. Whatever credit may be due to the 
earlier astronomers of the Alexandrian school for the sound principles of 
observation which they appear to have practised, it is to Hipparchus alone 
that the establishment of astronomy, as a science of calculation based upon 
observed facts, is to be attributed. He determined the length of tie year 
to. be—365d—14g—48p as against the former measure of 365d—15g. 

He invented the astrolabe with which he used to find the longitudes and `- 
latitudes of celestial bodies. No one before him had a correct knowledge of 
the sun's apparent motion; and it was he who first compiled tables for cal- 
culating sun's true place; these were not known to anyone before him. He 
recorded observations of the moon, and appears to have compiled tables 
for finding the true place of the moon. He recorded observations of planets 
also. The observations recorded by Hipparchus proved useful to Ptolemy 
in deducing the correction for moon's longitude, called “‘evection’’ and to 
‘establish the rule for finding the planetary motions. It has already been 
stated that Hipparchus found the longitudes and latitudes of stars. Ptolemy 
was not skilled in the work of taking observations. He invented the cuadrant 
instrument. It is nowhere mentioned in clear terms how all these astronomers 
used to find time. It appears that they used to measure time by the shadow 
instrument and the clepsydra (‘ghati’ instrument). Sometimes they used to 
record what part of the ecliptic was transiting the meridian at the time of taking 
observations. The Arabs did not bring about any appreciable improvement 
in the instruments of observation; however, their instruments of observation 
used to be larger and better than those ofthe Greeks. The astrolabe used by 
them was much more complicated. 


The above account will show that nore of tue various iergiis of tiie yeas. - 
described so far agrees with those established by our siddhantas. It hal 
been proved in the study of the five ancient siddhāntas, that though the origina 
Romakasiddhanta may have been compiled on the basis of the work of Hippar- 
chus, the Romaka was not the most ancient of our works and that there were 
works on mathematical astronomy even before the Romaka (page 2).— 

Now the author will describe our independent works relating to instruments. 
and observatories :— 


SARVATOBHADRA YANTRA —It appears from two verses quoted by 
Bhaskaracarya, as from this work, in the chapter on instruments in the 
Siddhanta Siromani, that he wrote a work of this name for describing instru- 
ments, but as the work is not available, it cannot be described how the 
instrument was constructed. 


YANTRA RAJA :—There lived in Bhrgupura an astronomer Madan Siri 
by name. His disciple Mahendra Siri compiled this work in Saka 1292. 
There is at the beginning of the work a salutation to * sarvajiia’ (i.e. the K nower 
of all things). From this it appears that this writer must have been a Jain. 
The work consists of five chapters viz. Ganita (mathematics), Yantraghatanā 
(principles of instrument making), Yantra racanā (construction of instruments), 
Yantrasadhanam (use of instrument), Yantra vicāraņā (theory of instruments), 
and has in all 182 verses in it. MALAYENDU SüRi has written a commentary 
on it, in which he says that Mahendra Süri was the Head Astronamer at the 
Royal Court of Emperor FEROZE SHAH. The Samvat 1435 (Saka 1300) has 
been adopted in many of the solved examples. In one case the Samvat 1427 
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has been taken and in another, Samvat 1447 ; and the commentator calls 
Mahendra Süri his preceptor, This shows that he(Malayendu Süri) was 
his direct disciple ; and the date of compilation of the commentary also was 
about Saka 1300. Sudhakara Dwivedi published this work at Varanasi. The 
author observes in the very first chapter, 


TART afaa Fad: an aan aaan RAAI di 
«wr afed faster war amg qemeqgufee wfenmen N 


sum % 


“The writer is presenting in this work the description of instruments 
which he has gleaned from various works on instruments written by Yavanas, 
just as nectar is taken out from ocean.’ 


He has assumed 3600 as the radius and 23° 35’ as the maximum declination; 
he has given tables of sines, declinations and sky diameters for each degree 
and has given the length of the shadow cast by a gnomon of seven inches for 
each degree of aititude, varying from 0? to 90°. The commentator has given 
the latitudes of about 75 cities. The author of the work has given sāyana longi- 
tudes and latitudes of 32 stars which are useful for observation, and has men- 
tioned 54” per year as the precessional motion. It is not possible to describe 
the construction of the instrument, Yantra Raja, briefly, and hence it is not 
given here. With the help of this instrument the following things can be 
found directly from observation :—the altitude, zenith distance, longitude and 
latitude of the Sun; planets and stars ; distance in degrees between any. two 
celestial bodies, the latitude of a place, the ascending sign and the time and 


lengih of «he day. There isa commentary en this work written by Yajāešwara 
in Saka 1764. 


DHRUVA-BHRAMA-YANTRA :—PADMANABHA, son of Narmada com- 
piled this work. It has already been pointed out (page 126) that the date 
of this Padmanābha is about Saka 1320. The work consists of 31 verses 
and has a commentary written by the author himself. This instrument known 
as Dhruvabhrama Yantra is meant to find time and it consists of a rectangular 
plank of wood, the length of which is double the width, and which has a chink 
bored in it „parallel to the shorter edge; the constellation of Dhruva-matsya 
(polar fish) is to be observed through the chink’ The author does not intend 
to describe here in detail the construction of the instrument meant for finding 
time, The author has described the ** Polar fish ’’* in the following words :— 
** There is a cluster of 12 stars round the North Pole. It is called the * polar 
fish. It has two bright stars, one of which is regarded as its mouth and the 
other as its tail. One of these is on one side of the pole at a distance of 3? and 
the other lies at a distance of 13? on the other side." The author has described 
the construction of an instrument by which time can be noted at night b 
observing the stars situated at the mouth ang the tail. A method has been 
described for finding time by observing other stars at night and even the Sun 
during the day. Similarly, even the ascendant at any moment is found with 
the help of this instrument, and it evidently gives the sāyana ascendant. 
The mean altitudes of junction stars of 28 asterisms at transit as observed in 


latitude 24? N have been mentioned. It shows that the author may have been 
the resident of a place whose latitude is 24°. 


_ 


*See commentary on the 11th verse. 
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YANTRA CINTĀMAŅI 


A mathematician named Cakradhara, son of Vàmana, compiled this work 
and it has a commentary written by the author himself. In addition to tbis, 
ihere is a commentary on the work by Ràma, son of Madhusüdana, a resident 
of Párthapura. The author has not given his date, but as he has quoted i in his 
commentary some lines from JBháskaràcárya's Siddhānta Siromani, and 
Ràma, the commentator, has mentioned Saka 1547 as the date of his commen- 
tary, the work must have been written some time between Šaka 1100 and 1500. 
His words, " ksitipalamaulivilasadratna grahajfiyagran} cakradharah ” mean- 
ing “ Cakradhara, the leading astronomer, and who is a jewel in the crown 
of kings ” shows (at he had the patronage of some king. The work has four’ 
chapters containing 26 verses in all. Dinakara, son of Ananta belonging to 
šāņdilya gotra wroie a commentary on it with examples in the Saka year 17767. 
Yantracintāmaņi is a kind of quadrant instrument. The observations taken 
with this instrument give the longitudes of the Sur and the Moon, and also the 
longitudes and latitudes of five planets, the desired time, and the ascendant 
true for that momemt, aiid such other things. The planetary positions and the 
ascendant are sáyana. ' 


PRATODA YANTRA 


Gaņešā Daivajiia, the author of the Grahalaghava, compiled this work on 
instruments. It contains 13 chapters. The author claims that even while 
riding a horse one can find time by observation with the help of this Pratoda 
yantra, and also the shadow cast by the gnomon at that time. Its construc- 
tion is not described here for want of space. Sakhārāma and Gopinātha 
have written commentaries on this work. 


GOLĀNANDA 


This instrument was invented by Cintamani Diksit (page 174). He 
has written a work entitled Golgnanda concerning the instrument. It con- 
tains 124 verses. It has chapters (adhikars) on the construction of the instru- 
ment, mean places, true places, three problems, eclipses, shadow, risings and 
settings of planets, observations and conjunctions. The following things 
can be found from observations taken by the Golànanda instrument :— 
Eeuation of centre to be applied to planets, planet's distance from the earth, 
true motion, declinations, ascensional difference, ascendant, directions, 
amplitude, zenith distance, ‘valan (deflections), parallax, nati (parallex in lati- 
tude), latitude, #rkkarma and the desired time. There is a commentary on 
the work entitled Golānandānubhāvikā by Yajieswara. 


There may be several such works on instruments. Rama, the commen- 
tator of Yantra Cintāmaņi, observes :— 


faerferfa safe gar ager ad: mer aiae aaa feng n 


“I have seen almost all instruments prepared by learned men, and it i$ 
my belief that this * yantracintāmaņi? is the best of all.” This shows that 
several kinds of instruments were in use. 
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The instruments described in Siddhāntaširomaņi and other independent 
‘instruments mentioned above are rarely seen constructed by any one at present. 
The gnomon and the quadrant instrument are found at some places. Some 
instrument by which the time of the day can be found is seen at a number of 
"places.* 


OBSERVATORIES 


Let us now consider the question ofobservatories. It is evident that if the 
instruments of observation are permanently fixed they will be found more 
useful for observation. A building is specially erected for this purpose, and 
instruments are fixed in it and the work of taking observations is carried on 
there. Such a place is called * Vedhasele * (or Observatory). It seems pro- 
bable that in ancient times in our country such places might have been built 
under royal patronage and reserved for this purpose ; but we do not anywhere 
find their description. In some places, stone slabs are found on which lines 
showing directions are marked. It has been mentioned before, that Cintā- 
mani Diksit had such an arrangement for showing directions made at his 
place of residence in Satara. In 1884, the author had gone to Indore for 
taking part in the Sāyana paiicahga controversy. There he learnt that a place 
had been purposely set apart in the palace area, where lines showing directions 
have been marked, and astronomers, engaged by the Mahārājā Tukoji Rao, 
sometimes used to take observations there. The author met an astronomer 
from Bid who told him that some years ago some instruments had 
been constructed for the purpose of carrying on the work oftaking 
continuous observations with the help of a party of astronomers main- 
tained by the Moghul Government at Hyderabad ; but the work was 
later on discontinued. The author has seen astronomers at times taking 
Observations by means of tube instruments. Such attempts on a moderate 
scale must have always been made in the past, but we have at present a reliable 
information about only one attempt of this kind made on a very big scale. 
Itis as follows :—Jaya Sirmha (page 169) built five observatories. The author 
is giving below, an extract** from the introduction to his own works 


. *While this chapter was being printed (during the months of Vaitākha and Jyestha of 
Šaka 1818) Mr. Naraso Gaņeša Bhànu, a resident of Mirāj, sent to the author some papers 
«on which he had copied out diagrams of some of the instruments. Bhanu is not art astro 
nomer. He is at present a pensioner of the Mirāj State, still, he has a great liking for this 
subject. The original instruments of which these were the copies were constructed by one 
Sakhārāma Jošī, a resident of Kodoli near Kolhapur, between Šaka 1712 and 1718. Of 
these, some were probably made of cast brass, as stated by Bhànu. Theyinclude grades of 
some instruments and * turya yantra’ , * phalak yantra’ * dhruvabhramana yantra ' and other 
instruments. One kind of Yantrarāj instrument was constructed at Saptarsi (Sātārā) in 
Saka 1712 ; it has marked on its dial 17° 42’ as the latitude of Satara, and the altitudes cf 
„junction stars of 27 asterisms and of some other stars at the times of transit, along with their 
directions ; e.g. the altitude of Maghā has been given as 83* 57' South. Another Yantrarāj 
has been constructed for Karavir (or Kodoli) in Saka 1718. Yt has marked on it 17° 21’ as 
the latitude of Karavir (Kodoli) and the altitude of Maghā as 84? 15' South. According 
to modern astronomy, the latitude of Satara is 17° 41’ and that of Kclhapur 16° 41’, and in 
Šaka 1718, the declination of the junction star of Maghà was about 12* North ; and the 
transit altitudes of the star were 84° 19’ at Satara and 85? 19’ at Kolhapur. Anyway, Sakh&- 
rāma Jošī appears to have been very painstaking. The above-mentioned instruments are 
at present with his great grandson Sakharàma Šāstrī at Kadeguddi near Belgaum in the Sa- 
‘hapur Taluka. His another great grandson Morašāstrī lives at Miraj, and he has also 
:some instruments with him. . 


**This extract has been taken from an article by the wel] known scholar, William 
‘Hunter, published in Asiatic Researches, Vol. V, pp. 177-211. 
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KSIZ MOHOMED by name. It will give a complete idia about his efforts :— - 
“so incapable are human beings of comprehending the powers of the Almighty 
that Hipparchus can be said to be simplya rustic, and Ptolemy only a swallow. 
The theorems of Euclid are but an imperfect form of divine work. Similar by, 
thousands of people like Jamsedkasi and Nasīrtušī, have laboured in vain and 
became fatigued. The calculations made from works on astronomy like those 
of Sayad Gurganī and Khayānī, the Akbaršāhī work of InSil-al-Mulacand 
and astronomical works of Hindu writers as also those of European writers, 
do not agree with observed phenomena ; especially, the new moon's appear-. 
ance, risings and settings of planets, eclipses and conjunctions of planets. 
do not agree with observation at all. When this fact was told to Emperor 
Mohomadsahat, he asked him (ie, Jaya Simha) to decide the matter. He 
erected at Delhi instruments like those erected by Mirzà Ulugbeg at Samai- 
kand................Jaya Simha found that his ideas about the correctness 
of results could not be realized by brass instruments, because the instruments 
were small, not convenient for showing minutes of arc, their axes shift their 
places and get worn cut ; the centres of circular piatos also shirt their piaces 
and the planes of instruments get twisted. He thought these to be the reasons 
why the calculations of Hipparchus and Ptolemy did not tally with observed 
results. He, therefore, erected the Jaya Prakāš, the Rama, and the Samrat 
instruments which were perfectly stable and built in mortar and stone, whose 
semi-diameters were 18 cubits, and one grain (yava) in the circumference of 
which wouid represent 1 minute of arc. These were constiucted and erected 
with due consideration of geometrical theory, the meridian,and latitude of the 
place and with careful measurements. They were so designed that it wold be 
‘possible to repair the defects caused by the sinking of circular planes, wearing 
out of axes, shifing of the central points, and irregular spacing of minute 
divisions. An observatory of this type was built at Delhi. Correcticrs to 
be applied to mean motions of planets, which never agreed with obser-. 
vation, were finally determined on the basis of observations taken with 
these instruments. In order to test the correctness of results of observations 
taken at the Delhi observatory, he erected similar observatories at Sawai, 
Jaipur, Mathura, Varanasi and Ujjayinī. Observations taken at all these 
places tallied with one another. After seven years were spent in taking tliese 
observations, it was learnt that similar work was being done in Europe also.. 
Hence, MANUEL, the priest and some other scholars were sent there and 
the planetary tables compiled 30 years ago and published in the name of 
LIEL*, were brought through them. The calculations made from them, 
however, did not agree with observations; it was found that there was an error” 
of about 1/2 degree and some perceptible etror in the case of other planets.. 
Hence, under the direction of the Emperor, a work was compiled containing. 
formulae and mathematical processes for calculation, which were very precise - 
and correct. Its calculation exactly tallies with observation. (The emperor's. 
name was given to the work as a mark of honour.)” 


HUNTER, visited four out of the five observatories about the year 1799 
A.D.and wrote their description in the ‘Asiatic Researches”? mentioned 
above. It is not given in full for want of space. The description of the obser-. 
vatory at Varanasi, as given by Sherring (1868 A. D.) in his English book 


tHe was on the throne at Delhi from 1720 to 1748 A. D. 


*Jayasimha completed the compilation of his work in 1141 Hijri era (i.e. 1728 A.D _ 
or Saka 1650). The work brought from Europe was of De Levarrior. It was first published 
in 1678 A. D. and then again in 1702 A. D. 
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on the city of Vārānasī, is given here, the description* being based on an 
article by Pandit Bāpūdeva on “Instruments located in the Mana Mandira”, 
(Other observatories are constructed on the same plan.) :—This observatory 
is situated on the bank of the Ganges at a spot known as Māna Mandirat 
Ghat. Itis known as ‘Mana Mandira’, This building and the whole locality 
is at present in the possession of the Maharaja of Jaipur. The observatory 
building is quite firm and strong. After ascending the steps on the outside, 
one enters into the square. After crossing it through, one reaches a staircase: 
which leads to the main part of the ebservatory. Some of the instruments 
in the observatory are very huge in size. This structure is likely to last for 
thousands for years very easily. Still, they are so delicate that they could 
give very accurate results as desired by the original constructor of these ins- 
truments, A Brahman is appointed to look after its upkeep ; but it has not 
been maintained by him in a good condition. The instruments are getting 
damaged on account of heat and rain ; and their parts and subdivisions, being 
worn out, are vanishing awaya, After entering the observatory, one sees the 
‘wall instrument’ (Bhitti Yantrá). It is a wall 11 ft. high and 9 ft. 14” 
long, built in south-tc-north direction. With the holp of this instrument, the 
altitudes and zenith distances of the noonday sun, its meximum declination 
and the latitude of the place can be found. There are two large circulat 


structures near, one is meds in stone and the other in mortar ; and there is 
also a square structure made of stone. This might have been used for finding 
the shadow of the gnomon and the azimuth. But all the marks on them are 
now obliterated. There is a very big instrument known as Yantra Samrāt 
(the emperor of instruments) Thisis another wall 36 ft. long and 4% ft. thick 
and build in the south-north direction. One. end of the wall is 6 ft. 41" 
high and the other is 22 ft. 34’’ high; and this wall is gradually elevated 
towards the north so that the pole star is visible in the plane. With the helf 
of this instrument, the meridian distance, Geclination and right ascension of 
celesiial bodies can be found. There is another double wall instrument here, 
To its east is erected a Nadi Valaya instrument made of stone. There is 


similarly another small model of the Yantra 'Samrát instrument. Near to 
it is a Cakra-Yantra fitted between two walls. It was used for finding the 


declinations of stars ; butat present it is nor in good condition. There 
is a huge Digaméa instrument near it. It was used for finding the azimuths. 
of stars. It consists of a pillar 4 ft. 2" high and 3 ft. 72" wide. There 
is another concentric wall having double its height and build at a distance 
of 7 ft.3%' from it. The top surfaces of both the walls are graduated in 360* 
and directions are noted on them ; there is another Nādivalaya instrument 
to its south, but the marks on it are obliterated. 


*The author could pot procure B&püdeva's original work in spite of great efforts. 
tī think that the place may have received the name Mana Mandira because it was the 
place where the measures (Man) like the motions of planets used to be found out. 
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(2 ADHIKĀRA ON TRUE PLACES 
Chapter 1 


True places and motions of planets 


A planet is not found moving every day at its mean daily rate of motion 
"which is obtained from the .imeit takes to make a complete revolution through 
‘the Zodiac, but at a greater or smaller rate ; and hence, on a given day it is 
not seen actually occupying the place in the sky which is found from its mean 
motion by calculation. The position and motion of a planet as actually 
seen in the sky are called its true (spasta) place and motion. It is the subject 
of study for the chapter on true places to find the true position and motion 
of a planet from its calculated mean positionand motion. [It is a convention 
with our w rks to speak of the true position of a planet as "true planet” 


(spasta graha) and hence, this term is so used in some places in the following 
.discussion.] 


The chief reason why the true motions of the Sun and Moon differ from 
their mean motions is that according to the laws of planetary motions, which 
are now almost universally recognized, and which were first discovered by 
‘Copernicus, and verified and firmly established by Kepler and Newton, the 
earth revolves round the Sun, and the Moon round the earíh in an elliptical 
orbit ; and there are two reasons why the true motions the remaining five 
planets differ fro:n their mean motions ; Mercury and the other four planets 
'revolve round the Sun in an elliptical path, which gives them in their orbits 
a position different from their mean positions and the other reason is that this 
position of planets relative to the Sun, appears still different to us (observers 


on the earth), sincethe earth constantly changes its position in the sky while 
revolving round the Sun. 


Although our ancient astronomers did not know these reasons in thei r 
real perspective—two reasons in the case of five planets and one in the case 
of the Sun and Moon, they have unknowingly assumed the same principles 
‘to start with, while finding the places of planets ; and the true positions of 
planets which we obtain by following our works agree to aconsiderable extent, 
if not to the fullest exteni, with those obtained by following the methods which 
the Westerners have established afier understanding the theory. In other 
words, the mean position of a planet being the same, if it be found by Western 
methods of calculation occupying a particulars place in the sky, we too get the 
same or very nearly the same place by following our own works ; and the 
«difference, if any, in the two results is due to some slight defects or approxi- 
‘mations of the elements assumed in our calculations, and also to the fact 
that some other elements, in addition to the above two reasons, which have 
been lately discovered, were not known to our people. The following dis- 
cussion will confirm the truth of the above statement that the two main reasons 
were indirectly known to our astronomers, 


The theory underlying the method of calculating the true place of a planet 
‘from its mean place is explained in our works by :neans of a diagram. Here 
the theory is given, as it will help one to understand what the reasons are 
‘which cause a difference between the true and the mean place of a planet, and 
"what the ideas of our astronomers were reparding this question. They draw 
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a circle to represent the planetary orbit, having for its centre, the centre of the 
earth. They draw another circle, equal to the first, such that its centre will. 
be at a distance from the earth's centre. This circle is termed a * Prativrtta’ 
(eccentric circle) ; and the mean planet is supposed to move in that circular 
Orbit, and the point of the planetary orbit which the mean planet would appear: 
to occupy would be said to be its true place. 


In the adjoining figure the- 
circle whose centre is E is the 
planet's orbit. Similarly, the: 
* eccentric ' circle has been 
drawn with C as its centre ; 
and point * M.P. ' in it represents 
the position of the mean planet and. 
M, the corresponding position 
of the mean planet in its orbit. 
To an observer on the earth, 
the mean planet appears to lie 
in the line joining the point 
*M.P.'to E. This line is called 
the * Karna' (radius vector). This 
radius vector cuts the orbit circle 
at T, and the true planet appears 


to be in the orbit circle at that point. The difference between the true and 

the mean place, viz. the arc MT (ie. MET))is termed ‘ phalasamskār ’, 
(i.e. equation of centre). The maximum value of this correction is called the 
‘ parama’ or ‘antya’-phalasamskar (max. equ. of centre). The centre C of 
the eccentric circle is marked away from E, the centre of the orbit circle, 

at a distance equal to the sine of the maximum correction. The * phala ’ 

(i.e. correction) mentioned above, is called * mandaphala ' i.e. equation of 
centre. The position obtained by applying this correction, or equation of 
centre, to the mean place of a planet (i.e. adding the correction to or sub- 

tracting it from the mean place, according as it is positive or negative) is termed 
the *manda-spastagraha' (true heliocentric place of a planet). The true places 

of the Sun and Moon are obtained by applying only one correction, that of 

the equation of centre. But, the positions so obtained in the case of other 

five planets are not the positions at which they would be visible to observers 

on the earth ; (according to modern theory they will represent the true helio- 

centric position, that is the position seen from the centre of the Sun). They 

require another correction to be applied ; it is called the * Sighra-phala-sam- 
skār * (i.e. the annual parallax). When it is applied to the heliocentric posi- 
tion, one gets the position where the planet is observed from the earth. In 

order to find it, they assume another circle called the * S?ghra-prati-vrtta ’ 

(Sighra eccentric circle) and they find the required correction by regarding the 

position of the heliocentric planet as that of the mean planet. The operation of 
ebtaining the * mandaphala ' (equation of centre) is known as the * manda- 
karma ' and that of obtaining ‘ gighra-phala ' (annual parallax), as ‘ šīghra- 
karma’. The method of finding the * šīghra phala ° is expalined below :— 


The orbit circle drawn in the operation of “manda karma” becomes the 
** Sighra-prativrtta " in the operation of “‘sighra-karma’’, then taking a point 
away from the centre of this circle, at a distance equal to the sine of the maximum 
value of ‘sighraphala’, another orbit circle is drawn with this point as centre. 
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The earth itself is supposed to be at the centre of this orbit circle drawn in the 
operation of ‘ sighra-karma’.The place where the heliocentric planet, while 
moving at its own rate of motion in the “ sighra-prati-vrtta ", appears to be in 
the '* šīghra-kaksāvrtta " is.its geocentric position. The planet appears to be 
at that place to an observer on the earth. Some people treat the ** manda- 
kaksāvrtta " itself as the ** šīghra-kaksāvrtta ", and then they draw an equal 
circle called the ** &ghra prativrtta ", having for its centre a point which is 
marked at a distance equal to the sine of * sighrantya-phala * from the original 
centre. Then the heliocentric position of the planet from the ‘ mandakaksa- 
vrtta ° is transferred to the “‘ šīghra-prativrtta ", and its place as seca in the 
** kaksāvrtta " is taken to be its geocentric position. Both the methods lead 
to the same result. 


The above diagram will show that the distance of the planet moving in the 
eccentric circle is not the same from the point E. The distance is greatest 
when the planet is at A (2,:helion) and the least when it is at P (perihelion) ; 
in other words, the path of the moving planet is as it were assumed to be, 
elliptical. E is one focus of this ellipse. 


Paremesara, ihe commentator of Aryabhatei, has described in simple 
words, the method of drawing the figure for finding the equation of centre 
The author has not come across an equally good explanation in any other 
work. The author, therefore, quotes the verses here :— 


faszi «red TAA AIT oq quum N 
affa Ka Pug MAKUKTĪ qe $3 RN 
sar fafersiq qui sitenrfam anra eaa N 
gada WIAs TAIT TART gebETq Ut 3 U 

Pe Rea Hata qaaa Aster ou 
galofadsafraafad aie srfrsmup uu 
Wi&HETHSSUIRSCBHTUI IT C THAT d 

qd fg aut Wacpzr: erada siet du Xt 
RASA ferar: aes ae qaep af umero 
SMT seal ari Ta CHEMIST KA: od 

WIS HANA THT gg): WA TAT Gd 
aaa KZIETĪIR q wed TA uo 
AIGA ST diem aa fet Tara li 
sasaa Het ape qeurcwppHÓN g Ufad ti $e ou 
dre qued ae: AT TATU di 


“The orbit circle, at the centre of which is the earth, and whose radius is equal 
to * trijyā  *is called a ‘ saighra ' circle (i.e. the orbit circle necessary in the geo- 


*The word * trijyà ' is now-a-days used as a technical term signifying semi-diartieter. 
But originally it stood for *jyā * (sine) of ‘tribha * (i.e. 3 signs or 90 degrees) ; and our 
astronomical works are generally found using it in that sense. When the * perimeter ofa 
circle is supposed to consist of 360°, (or 21600 minutes), the semi-diameter becoines equal 
ito 3438 ; or the sine of 90° is equalto the semi-diameter. Hence, by * ttijyā "is géthéralty 
meant a line whose length is 3438’ . 
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«centric calculation or ‘sighra-karma’). Another circle should be drawn with a 
point for its centre, which should be away from the centre (of the orbit circle) at 
.a distance equal to maximum * šīghra phala’ and in the direction of the * šīghra ° 
position. This circle is termed as ' šīghra '-eccentrie circle. The same becomes 
a * kaksaviiia’ (orbit circle) in the helioceniric operation. Again, draw another 
circle, in the direction of the heliocentric position, having its centre at a distance 
of maximum equation of centre. This is termed * manda ”-eccentric circle. 
. Saturn, Jupiter and Mars, while moving in the ‘ manda eccentric circle’ are 
seen occupying certain places in the heliocentric orbit circle, and they are termed 
*honevenuie'. «ihese are tie heliocentric positions of Saturn, Jupiter, and 
Mars). They should similarly be treated as moving in the‘ Sighra ’-eccentric 
circle and their corresponding positions in the ‘ Sighra *-orbit circle would be 
called their ‘ true position? (These should be taken to be their geocentric 
positions). The circle having the earth for its centre, becomes the * Manda’ 
orbit circle for Mercury and Venus. The centres of their * manda’ 
circles lie at a distance, equal to their maximum equation of centre, 
from the centre of the orbit. The point of this circle occupied by the Sun 
should be taken to be the centre of the geocentric eccentric circic. The size 
of this circle has been mentioned as being equal to that of his * own-geocextric- 
circle"... Mercury and Venus always move in that circle. 


eccentric 


The unaeiiying theory of the equation of centre is explained in another way 


by assuming a circle known as the * nicocca-vrtta ° (apsidal circle). BHASKARA 
CĀRYA observes in this connexion :— 


FAITE ITEM qui fend SUTESTSNUT WW 11 

Jriregds cava tai pad qaad qp RY ou 

Rae Tat web TAG qug THT N 

fri qunradzsr fate, Aral aT aT WH 

Avast miaa xia fared faaan | 

aaia wate enpmarenr HMA fg ag URE At 

aN wad Feasts Q4 AMATI T4 N 
Saee. 


* Draw a circle with the mean planet in the orbit, as centre, and the sine of 
maximum equation of centre as the radius. It is called * the apsidal * circle. 
Draw a line from the centre of the earth passing through the mean planet. 
It intersects the circumference of the epicycle in two points—the farthest 
point is called the ‘ucca’ (aphelion) and the nearest one the ‘nica’ (peri- 
helion). Draw a horizontal line in between the aphelion and perihelion. 
Mark the signs and degrees on the circumference of the * nicocca *- circle. 
The mean planet moves from the aphelion in the mānda (heliocentric) epicycle 
in a regular direction, and in the Saighra (geocentric) epicycle in a reverse 
.direction, at the same rate of motion as its anomaly (i.e. according to the 
motion of its mean anomaly or of the angle of commutation). Hence, the 
«centres of the mean and truecircles are to be marked in relation to the aphelion, 
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The planet is seen at the end of the direction line (The heliocentric place at 
the end of the heliocentric apse line and geocentric at the end of the geocentric 
apse line.) " | 

. i In the adjoining figure, the circle 
whose centre is E is the orbit circle. 
M is the mean place of the planet 
in the heilocentric operation and 
its heliocentric place in the geocen- 
tric operation, and the same point 
is the centre of the heliocentric 
or geocentric epicycle. The epicy- 
cle has been drawn with that point 
as the centre and the sine of the 
maximum equation of centre (or 
annual parallax) as radius. The 
point P in it stands for the planet, 
and the line joining itto the centre 
(E) cuts the orbit circle in the- 
point T. It is the position of the 
*true planet' (i.e. heliocentric or 
geocentric planet)'. Bhāskarācārya 
Observes in regard to this theory :. 


e: qima Reta vats | wea Asad dq MTS: yer Wwfew di 
MATER, Gata. 


* As a matter of fact, a planet moves in the eccentric circle itself with 145 
original rate of motion. The epicycle has been invented by astronomers only 
to calculate the equation of centre.” 


In the above figure, of all points on the eccentric circle, A, is at the greatest 
distance from the centre of the earth ; it 1s called aphelion. B 1s at the nearest. 
distance ; it 1s called Perihelion. The Aphelion belonging to the Manda 
eccentric circle, is called * mandocca’ oran ' apsis? ; and that of the 
šīghra eccentric circle is called the * Sighrocca’ or the apex of swift 
motion. The longitudes of the mandoccas of planets and their motions have 
been discussed in the account of Aryabhata I (page 69). The mandoccas 
have got a very slow* motion. The Sun itself is taken to be the * sighrocca ' 
for Mars and other superior planets, and our works have assumed the same 
motion for the šīghroccas of Mercury and Venus which these planets, accord- 
ing to modern theory actually have in their orbits. The above figure will 
show that when a planet comes to the position of aphelion or perihelion, the 
mean place of the planet and its true, place coincide. In other words the 


*Grant says (History of Physical Astronomy P. 97) that it was al-Buttānī, an Arab 
astronomer (880 A.D.) who first discovered that the Sun's apogee has motion. This 
means that it was not known to Prelemy and Hipparchus that the Sun's apogee and the 
aphelia ofthe planetshave motion. But our astronomer BRAHMAGUFTA has mentioned 
(628 A.D.) the motion of aphelia of planets. Moreover it is met with even in the modern 
S.S. Prof. whitney has simply ridiculed the fact that the motion given to the apsides of 

lanets is very slow according to our astronomers. But the only reason of this is that 
his prejudiced mind could not tolerate the idea of bringing down the Westerners to an 
inferior position by admitting that while Ptolemy never knew that a planets aphelion 
has got motion, the Hindus knew it. But the writer has already explained in his account 
of Aryabhatai that the motion of aphelion mentioned in our old works is not as slow 
as Whitney considers it to be. 
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equation of centre is Zero. As the planet advances three signs or 90? from the 
aphelion, the value of the equation of centre gradually increases and then it 
continually decreases till it reaches the perihelion. It increases again for three 
signs more and finally decreases till it teaches the aphelion. In short, whatever 
change occurs in the mean motion of the planet is in relation to the aphelion. 
The Sürya Siddhanta makes the following observation :— 


TEATS: HAY AA wr: P sfradeta gramtar Wart agaa: ou $i 
aetattafudend: qedavnfuüfa: i agang snm cafes gad s 2 1 
eget. 


** The three invisible forms of time, viz. sighrocca, mandocca and pāta 
which are supported by 'bhaganas '(revolutions) are the generators of the 
motions*of planets. These forms of time drag towards themselves by tossing 

and fro**, the planets which are tied by the reins of wind held by them." 


No other siddhānta has given so much importance to the aphelia as the 
S. S. has done by regarding them as some animate objects. Brahmagupta 
simply remarks, 


sfarreard aay: wafer :oggugegur qmm: RE N 
STETERIT. 


“ The aplielia and nodes have been imagined as points simply to explain 
the phenomena of planetary motions. ” 


Nowhere does the S. S. explicitly state that the planets move in the epicyclic 
orbits ; hence, it appears that the aphelia have been supposed to be some 
objects. having forms. But whenthe planets are assumed to be moving in 
epicyclic orbits, their mean positions naturally undergo a change which simply 
depends upon the distance of the planet from the aphelion. 


It has been mentioned above that the epicycles are supposed to be drawn 
at a distance from the centre of the orbit circle equal to the sine of the maximum 
value of the equation of centre or the annual parallax. The value of the 
equation of centre or of the annual parallax concerning each planet is given 
in our treatises, and it is the convention to give it in terms of the circumference 
of a circle, having the sine of maximum correction (viz. equation of centte) 
as semi-diameter ; in other words it is what the length of the circumference, 
expressed in degrees, would be, if a circle be drawn with the sine of maximum 
correction as semi-diameter ; and it is generally termed * Paridhi ' or * circum- 
ference’. The circumference of the circle drawn with respect to the equation 
of centre is called the “‘ mandaparidhi " i.e. the dimension "of the epicycle of 
the apsis, and that with respect to the annual parallax is called the * šīghra- 
paridhi ' or the dimension of the epicycle of the apex. The reason for expres- 
sing the equations in terms of epicycles seems to be the above system of 
drawing the epicycles of apsides. Considered independently, the circum- 
ference of the apsidal circle no doubt represents 360? ; but as the value of the 
equation is to be reckoned in terms of degrees of the orbit circle, the length. 
of the perimeter of an epicycle is also expressed by the same system of degrees. 


——— 


* Here, the word * motion ' is to be taken to mean true motion. 


**By “to and fro ” is meant the actual po'ition in advance of or behind the mean 
position of a plaast. (Ranganātha has interpreted this in a somewhat different way). 
The position of a planet in the north or south direction changes because of the nodes. 

** * Jy ‘motion’ here is meant the true motion of the planet. 


1 DGO/69 17 
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The next table gives the dimensions of the epicycles related to the dpsis and 
the apex as given by different authors ; similarly, their radii also have been 
calculated and given. The radii themselves represent the maximum values 
of their equations. While calculating the radius, the ratio of the circums. 
ference.to its radius as mentioned by Aryabhata I and Bhāskarācārya, 
viz. 62832 : 10000, hàs been adopted. 


The arc of anomaly containing 3 signs or 90° is termed ‘pada’ quadrant). 
The first and third are termed * oja ' (odd) and the second and fourth ‘Yugma’ 
(even). The authors of some siddhāntas hold the view that the length of the 
circumference related to the odd quadrants is different from that of the 
circumference of the even quadrants ; and that it varies in the intermediate 
portions proportionately. In the following table, the paridhis of some planets 
according to the Paficasiddhantika have not been given, because the figures 
as given in that work are not known for ce:tainity.. In the case of other 
siddhàntas, wherever the paridhis related to the even quadrants are not 


mentioned, they are to be taken to be equal.to those related to the 
odd guadrants. l i 


MANDAPARIDHI 


Dimensions of the Epicycles of Apsis and their radii or max. value of the 
equation of centre . 


Modern Sürya Siddhānta First Arya siddhānta 
The S. S. from l 
Planet Paca Siddhān/ At the end of odd At the end of At the end of odd 
tikā quadrant even quadrant quadrant 


Circum Radius  Circum* Radius Circum Radius Circum Radius 


D or * oO ^ 090 ^*^ m- o o «ff D £4 oe 7 


Sun . . 4 14 21341 13 40 2 10 30 14 2 1341 1330 .2 8 55 
Moon - : . 31 456 2 3140 5 224 32.5 535 31 30 5 048 
Mars - . : 70 11 8 27 72 1127 33 75 11 56 12 63 0 10 136 
. Mercury : . 28 427 23 28 4 27 23 30 44629 31 30 5 048 
Jupiter : E . 32 5 535 32 5.535 33 515 8 E 30 5 048 
Venus : . + 41 145 2 12 1.54 35 8 0. 2 553 
Saturn : 4 . l 48 7 38 22 49 74755 40 30 6 26 45 

First Arya Siddhānta Brahma Siddhanta : 

Second Arya- 
Planet em y Siddhānta 
At the end of even’ At the end of odd At the end of even mu 


quadrant quadrant . quadrant 


Circum Radius Circum Radius Circum Radius Circum Radius. | 


. , oo. a ro a bu oo e e z [-] F 


Sun a 1340 21030 | 1340 2 10 30 
Moo : ^: | 3136 5 145 3134 5 126 
Mars - - > 81 0 125329 70 0 11 827 " 65 30 10 25 29 
Mercury - + 230 33451 380 6252 27 36 42334 
Jupiter * .- + 36 0 54346 33 0 5158 /X 28 15 4 29 46 
Venous ©- > >- 9 0' 12557 9 012557 u 145 2 9 35 13131 
Satum - > + 5830 9 18 38 30 0 44629 52 42 82315 
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Dimensions of the EPICYCLES OF APEX and their radii or max. value 
of the annual parallax. 


Modern Sürya Siddhànta ` First Ārya Siddhánta 
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R The S. S. from 
Planet Paūca Siddhāntikā : . 
` : At the end of odd Atendendofeven At end end of odd 
1 quadrant , quadrant quadrant 
pue RT 
Circum Radius Circum Radius Circum Radius Circum Radius 
o o , ” . o á or " e o * » e o , " 
Mars 234. 37 14 32 232 36 55 26 235 3724 S 238 30 37 57 30 
Mercury 142 21 0 30 132 21 0 30 133 21 10 3 139 30 2212 7 
Jupiter 72 11 27 33 72 11 27 33 70 11 827 72.0 112733 
Venus 260 41 22 49  .260. 412249 262 4141 55 265 30 ` 42 15 20 
Saturn 40 62158. 40 6 21 58 39 £6 12 25 40 30 6 26 45 


First Ārya Siddhānta ' Brahma Siddhānta Second Ārya Siddhānta 

Planet Atthe end of even At the end ofodd At the end of even At the end of odd 
quadrant quadrant ` quadrant _ quadrant 

Circum Radius, Circum Radiu 4 Circum Radius Circum Radius . 
Mars . s - 229 30 36 31 33 243 40 38 46 50 Q0 **" 2309 36 45 43 
Marcnry 130 30 20 46 11 132 21 0 30 134 30 21 24 23 
Jupiter 67 30 104435 68 104921 6930 11 330 
Venus 256 30 40 4923 263 , 41 51 28 258 41 3 43 261 30 41 37 8 
Saturn 36 0 54346 35 5 34 13 6 28 20 


40 40 


The maximum values of the equation of centre accosding to Ptolemy 
and those according to modern Eüropean astoronomers have been given 
below in a table.* One can, of course, compare them with the above 
values given in our old treatises. But in order to facilitate such comparison, 
the maximum values of the equation of centre at the end of the odd quadrants 


v given by Āryabhata I, out of our siddhāntas, have again been given 
elow :— — . : 


MAXIMUM'VALUES OF opimo OF CENTRE 


- z — " — . 


First 
Arya Ptolemy Modern 
" Siddhànta 

Sun n owe e 3 we eom ee 2 855 223 1 25 27 
Moon NE ; . , ; è * . * 5 048 5.1 6 17 13 
Mars Et tx des Uwe Ux COR BO OA Owl om. $3 11 32 1041 33 
Mercury. ; : , b MER 2% : , - 5 048 2 52 23 40 43 
Jufiter. F Yat Glue SS GE Cho pe ss. C 5 16 5 31 14 
Venus g GS Ax" gus "mdsl e we šā, "xm asis ,2 23 0 47.11 
Saturn 6 26 45 6 32 6 26 12 


šie: mm a pg FR URGES DONO A es ni ari E ss ss SSS iy, 
*These have been adopted from the translation of the Sürya Siddhanta by Burgess (p. 76), 
l 17A 
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The modern values of Mercury and Venus cannot properly be compared 
with those given in our works, because the modern values are true oriy with 
respect to an observer on the Sun’s disc while our works have given them with 
regard to the observer on the earth. it would not be wrong, however, if ` 
the values of other planets from both the systems are compared ; ar.d when 
they are so compared, it will be seen that the values given ir our works agree 
with the modern ones to a great extent. The orbits of the moon čīd the 
planets are elliptical according to the modern astronomical theorv. The 
value of their equation of centre varies with the changing values of the eccen- - 
tricity of their orbits; and these values of the equation of centre as given 
in our works agree with the values given in modern works. The form of 
planetary motions as given in our works has been shown ¿bove 
which will show that although the writers of our works have not assumed an 
elliptical orbit for the movement of planets, still they have assumed that their 
distances from the centre of the orbit never remain the same, ard :hat the 
equations vary with their position with respect to the points of apices known 
as aphelion and perihelion, in the orbit; from this it would appear that 
ancient authors indirectly knew the main cause of the difference between 
the true and mean places of planets, that is the phenomenon of the movement 
of these planets (or of the Moon) in elliptical orbits. The annua! parallax 
of a planet depends upon the variable distance of the planet's heliccentric 
position in its orbit from the earth. “ike figures showing the annual parallax 
as given in our works have been given in the above table (page 243} and it 
has been pointed out before (page 197)' that the radii vectors of plancis cal- 
culated from them agree with the corresponding r;odern values. This fact 
coupled with the trend of the above discussion will show that our astrcucmers 
indirectly knew the second factor which was responsible for the diference 
between the true and mean position of a planet,—that the position of a planet 
with respect to the Sun, which is known as its heliocentric position, differs from 


the positions seen by an observer on the earth, because the earth also revolves. 
round the Sun. 


That none of the values given by PTOLEMY agree with the corresponding 
values given in our siddhàntas is one out of the many proofs* to show that 
Ptolemy had no concern with any of the siddhāntas. 


Now some more noteworthy facts about the epicycles of apsides and apices 
may be mentioned. According to some siddhāntas, the dimensions of epi- 
cycles are different in the odd and even quadrants. ARYABHATA 1 has shown 
much váriation in these dimensions ; the Sürya Siddhànta does not mention 
so much variation. BRAHMAGUPTA has assumed different dimensions for 
the epicycles in the odd and even quadrants only in the case of Venus. The 
modern Romaša, Soma, Sakalya Brahmasiddhanta and Vasistha siddhānta 
are almost similar to the modern Sūryasiddhānta 3 still the measures of epi- 
cycles, as given in the Romaša and Soma have been assumed to be the same 
throughout, and they agree with: those of the even quadrants mentioned by 
the S. S. The dimension of the apsidal epicycle of mercury, given by Soma 
siddhanta as 34, however, does not agree (with S. S.) The Vasistha 


*Fne Romaka siddhànta of the Paūcasiddhāntikā gives 4°57’ as the maximum equation 
of centre for the Moon (See 8.6. Pafic S.). This does not agree with that given by Piolemy. 


This is one of the proofs to show that the Romaka Siddhànta of the Paūca Siddhāntikā was 
not written by Ptolemy. G 
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siddhānta does not mention* the apsidal epicycles at all. The dimensions of 
the epicyclss of the apices have been given, but they do'not agree with those 
of th: Sūryasiddhānta, and hence they are given below :— 

Mars 234 ; Mercury 133 ; Jupiter 71 ; Venus 261 ; Satur 39. 


Theses arethe same for both the quadrants, and though they do not agree 
with the Sūrya Sidhānta, they are easily seen to be approximately mean 
measures of the two kinds of quadrants. The copy of the Šakalya Brahma 
siddhānta in the author's possession does not mention any epicycles at all ; 
but thereundoubtedly appears** to be in this copy, a break at the place where 
they are expectēd to have been mentioned. They must have been given in the 
originai woik. Lalla beingthe follower of Āryabhata I, the measures of epi- 
cycles given by both ofthem are indentical. Similarly BHASKARACARYA was the 
follower of Brahmagupta and both have therefore, given the same measures. 
But Bhāskarācārya has mentioned 50? as the measure of the apsidal epicycle 
of Saturn and 40° as that ofits epicycles of apex. The Sundursiddhānta of 
JNĀNARĀJA has given. measures of epicycles similar to those of the modern 
Surya Siddhànta, According to Muniswara,, the author of Siddhànta Sārva- 
bhauma, it is illogical to asume different measures for the epicycles in the odd 
and even cuandrants. He has given the mean values of the measures of the: 
epicycles iri the odd and even quadrants given in the modern Surya Sid- 
dhānta. Different Karana works show some variations the measures 
of epicyzles ; but it appears to be due to the fact that sufficient attention 


was not paid to their accuracy. There is nothing specially worth mentioning 
about them, 


The modern values of the ecuations of centre are given above ; but they 
are not always the same.’ They very with the lapse of time. The following 


table *** gives an idea of the long-pesiod variation affecting the value of 
the Sun's equation of centre. 


Years before Maximum value of Years after Maximum value of 


Šaka era egn. of centre Saka era eqn of centre 
10000 2 31 0 2 1 
9900 2 28 : ~ 1000 * 1 58 
8000 2 25 2000 1 55 
7000 2 22 | 3000 | 52 
6000 2 19 - 4000 | 49 
5000 2 16 5000 1 46 
4000 2 13 6000 1 43 
3000 2 10 7000 1 40 
2000 2 7 8000 1 37 
1099 2 4 9000 . 1 34 
0 2 1 10000 1 31 


EAE cd 


* It isfound neither in the edition printed at Varanasi nor in the version in the 
Deccan College collection. 


** The second chapter begins abruptly after an incomplete line of the verse: 
“Maurvya Catuske", which is given after 11] verses of the first chapter. The second 
chapter opens with an unexpected question. itseems that the epicycles may have been 
mentioned in between. It is surprising that the break was found precisely ‘at the same 


place in the copies seen at Gwalior, Asta, and later on, in the Anandāšrama copy 
(No. 4341). 


*** This table has been taken from the Planetary Tables of Keropant. 
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The table shows that the correction due to the equation of centre, in the case 
of the Sun, is gradually diminishing. This correction, according to our works, 
ranges from 2° 13’ 41" to 2° 8’ 55”. It may be noticed that the more ancient 
treatises have given a greater value and the modern works a smaller one, 
as can be seen from the above table (page 242). It is easily seen that the value 
was determined after actual observations were taken at different times. Our 
astronomers have determined the correction figures for the Sun and Moon 
from the observations of their eclipses, that is from their positions at the ` 
moments of lunations. The modern European method of finding the true. 
place of the Moon from that of its mean piace, requires the application of. 
five main corrections, It has been shown further that our people had deter- : 
mined a value as the maximum equation of centre for the moon, which is 
equal tothe sum of the four (out of five) corrections applicable at the moment . 
of lunation, The m aximum value of the fifth correction of the equation 
of centre is 11 minutes. (Planetary Tables, by Keropant, p. 105). As its: 
argument is Sun’s anomaly, it was taken to be applicable to the Sun with 
minus Orplus sign, where it was actually to be applied to the Moon with plus or 
minus sign, This has not affected the result of the calculation of the eclipse. 
If 11’ be subtracted from 2° 14’, which is the value of the sun’s maximum 
equation of centre as given in our ancient works, our works can, in fact, 
be said to have given 2° 3’ as the correction for the Sun, and that was actually 
the value in the year 500 B.S. Hence, our people appear to have found out 
the cerrection for the Sun at that early period or at least two or three centuries 
before Saka era. The equation of centre for the Sun, according to Ptolemy, 
is 2° 23’, which means that he had nothing to do with our works. Although 
PToLEMY has given 2° 23’ as the Sun’s correction, it was actually 2° in his 
time (about Saka 70). Obviously: it was not found by Ptolemy himself, 
but probably adopted from some previous writer. The fact that no one 
except Hipparchus possessed, before him, the knowledge of calculating the . 
true place of the Sun and the fact that the length of the year according to 
Ptolemy and Hipparchus was the same* measure (365* 14* -48?) lead one to 
inferthat Ptolemy had adopted the value of the Sun’s equation of centre from 
Hipparchus. Thisinference is further confirmed by the fact that the Romaka 
siddhànta which was compiled on the basis of the work on Hipparchus has 
adopted 2? 23' 23" as the maximum equation of centre for the Sun. Nc one 
ever says that the Hindus borrowed astronomy from some work compiled 
after Ptolemy. No astronomer of equal capability flourished within 3 or 4 
centuries after Ptolemy. Non2 of our Siddhāntas contain the same equation 
of centre for the Sun as was given in the original Romaka Siddhanta. From 
all these facts, any impartial thinker will have to admit that it is proved beyond 
all doubt that our astronomers did not borrow the figures for the equation of 
centre for the Sun from any European work, but that they themseives deter- 
mined it before the Saka era. 


The modern maximum values of the equation of centre that have been 
given above(page 242) show that the equation of centre for the moon is 6° 17’. 
But there are certain factors, other than the equation of centre, which cause 
a difference between the Moon’s mean and true places ; and these sometimes 
cause a variation of 8? to 83° between the mean and true places of the Moon. 
For finding this, about 40 corrections are required to be applied. Of these, 
the correction khown as the equation of centre, mentioned above, is a very 
large figure and the other four corrections are also appreciably large. Of 


*Grant’s History of Physical Astronomy, Chap. XVIII. 
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these, the one known as ‘variation’ (paksika or taithik) has “moon minus 
true sun"' as its argument. This argument will, of course, become 6 signs 
and zero at the moment of the full moon and the new moon respectively, 
and this correction too becomes zero* at these moments. Similarly, for 
calculating the second of the four corrections, known as *' evection " (cyuti), 
the argument is (2 x (corrected moon— true sun) —moon's anomaly]. 


The first term in this formula becomes zero at the moment of the full moen 
and new moon ; and the argument is reduced to (zero minus moon's anomaly) 
at that moment. When the value of the argument is three or nire signs, the 
correction attains its maximum value viz. 1° 20.2’, Hence, if the moon's 
anomaly at the time of the full or new moon is 3 or 9 signs, the argument 
for calculating the correction due to evection becomes "zero minus three 
signs " i.e. 9 signs or ‘zero minus rine signs! i.e, 3 signs and the corresponding 
values of the correction due to evection become respectively --1? 20’ and 
—1° 20' **, and at that time, if the moon’s anomaly is 3 signs, the equ. of centre 
becomes —6^ 17’ and if the moon's anomaly is 9 signs, the equ. of centre 
becomes 4-6? 17'***. 


Hence at the moments of full or new moon, the maximum value of the 
correction, as given by the equation of centre and the evection together, would 
not. exceed 1? 20'T6?17'—4*57'. 


One correction of li' out of the four has been applied to the Sun as already 
explained. The fourth correction is about 7 minutes.**** Applying it to the 
above figure of 4° 57', we get 5? 4'. The remaining 35 out of 46 corrections 
are very small. In short, the maximum value of the moon's equation of 
centre as given by our siddhāntas, which lies between 4° 56’ and 5° 6', has 
proved to be very accuratef. The best means of testing the accuracy 
of the values of the equations of centre in the case of thesun and moon are 
the eclipses ; and it has already been observed before (pages 60, 130 etc.), - 
that our astronomers have determined the corrections for the Sun and Moon 
with the aid of the eclipses. 


Sudhākara states that Munjāl has mentioned a correction similar to that of 
evection and another like variation, and that Nitydnanda has mentioned those . 
for variation and for the nodes. i 4 


No Western astronomer before Prelemy knew how to find the true places 
of the five planets ; even Hipparchus did not know ittt. And the maximum 
values of the equation as given by Ptolemy do not agree with those given in 
our works. This shows that our astronomers have themselves found out 
the method of calculāting the true places of the five planets. The calculation 
of the true places of the Sun, Moon and the five planets is the most important 
part of mathematical astronomy ; in fact it is the quintessence of astronomy, 
and this we have decidedly not borrowed from Westerners. 


* Keropant's Planetary Tables, p. 110. 

** Keropant's Planetary Tables, p. 106. 

*** Keropant's Planetary Tables, p. 109. 
**%** Keropant’s Planatary Tables, pp. 105 & 111, 


+ The above explanation about the equation of centre relating to the Sun and Moon 
was suggested by Venkateš Bāpūji Ketkar. 


ttGrant's History of Physical Astronomy, Chap. XVIII. 
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The equation of centre is found by the formula 
epicycle X sine of anomaly of planet. 
semi-diameter 

The ‘Kendra’ (anomaly) is the difference between the place. of the 
planet and that of the aphelion. The Sun and Moon require only one correc-. 
tion, that of the equation of centre. Others require two corrections, the 
equation of centre and the annual parallax. The calculation requires the 
use of the planet’s distance from the earth ; and in order to find the equation 
of centre accurately, one hasto use the method of successive approximation. 


Sines and Radius 


The siddhànta works give sines of divisions of circle, each of which is 
equal to 33°. The Karana works use divisions consisting of 10? to 15° each 
since they are not very particular about accuracy.. Most of the siddhàntas 
have assumed 3438 as the value of ‘trijya’ (radius) while calculating values 
of sines. Brahmagupta has assumed it to be 3270. Kamalākara, the author 
of Siddhàntatattva-viveka has mentioned sines of each degree of the quadrant 
assuming 60 as-the value of the ‘trijya’. The Karana works generally take 
120 as tae value of the trijyā. According to Sudhākara, Munjāl has adopted 
8° 8' as the "irijyà' and Gangādhara, author of Cāndramāna (page 195) has 
adopted !91 as the measure. The work Yantrarāj has adopted 3600 as the 
‘trijya’ and given the sine of each degree of the quadrant. Keropant Nana 
remarks* that the value of *trijyā', 3438, which this Hindu astronomers adopt 
` is an awkward figure entailing unnecessary multiplication and division. This 
is to a certain extent, true. But our astronomers have at places made use of 
artifices to avoid lengthy multiplications and divisions ; and the reason for, 
adopting that figure. for the radius is a rational one, inasmuch as the circum- 
ference of the circle is equal to 21600 minutes and the radius computed from 
it comes to 3438. The most accurate ratio of the diameter to the circumference 
is 1 :31415927. On the basis of this ratio, if the circumference be 21600, 
"the semidiameter comes to 34372. Our astronomers have adopted 3438 
as the value after leaving out the fraction. This will show that the value of 
*trijyā' adopted by our astronomers is very accurate}. Our ancient authors 
have assumed different figures as the ratio of the diameter to the circumference. 
They are given bēlow :+ 


` 


Sūrya Siddhānta, Brahmagupta, Āryabhata II .. 1: V10or1:3.1623 
Āryabhta I .. 20000 : 62832 or 1:3.1416 
Aryabhata II’ & Bhāskarācārya** .. 7:22 0r1: 3.1428 
Bhāskarācārya .. 1250 : 3927 or 1 : 3.1416 
3438 as the radius gives .. 1:3.4136 

Precise Modern European value „. 1 :3.1415927 


Evidently our people had a very accurate knowledge of the ratio of the 
diameter to the circumference. If they have, at places, adopted an approximate. 
value, it is only with a view to simplifying calculations in practical work. 


* See Planetary Tables, page 314. 

+The European mathematicians assume the value of a *tryjjà' as equal to the 10th or 
some other power of 10. They have ready made tables for the purpose, which give sines 
and other ratios of each minute of arc ; and as the triiyà is a very large number greater 
accuracy is ensured. 

** Áryabhata II and Bhāskarācārya each has mentioned this ratio in two ways. 
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Brahmagupta has given in the following verse the reasons for adopting 
3270 as the value of the semi-diàmeter :— 


TTT afa menudo wena: 
sqratfa q emere dd: FA eame u$ 
TATTA. 
Accurate calculation shows that the radius, corresponding to 21600 as the 

circumference, is not the whole number 3438, and it is true that because of 
this the * first sines " are not very accurate. But the author does not think 
that the value of the semi-diameter viz. 3270 which Brahmagupta has adopted 
on the basis of the ratio 1 : V10 of the diameter to the circumference or by 
some other method can be justified. 


The question of calculating sines and their origin has been dealt with as 
great length by Bhāskarācārya. Even the author of Siddhāntatattvaviveka 
has given much thought to it. Itis not necessary to deal with it here in detail. 
Playfair (1782 A.D.), an European scholar, observes about the origin of šines 
in our treatises, ** The method devised by Hindu astronomers to find the 
sines implies the following proposition* :—"The ratio of the sum of the sines 
of the first and the last of three arcs in arithmetical progression to twice the 
sine of the middle one is equal to the ratio of the cosine of the difference 
of the arcs to the radius'— This proposition was apparently not known to 
European mathematicians till the beginning of the 17th century". It is really 
creditable to our people. Similarly the Greeks only knew what a chord is, 
but they did not know to make use of the first sines (jyārdha). Even the 
Arabs didn't know of it till the 9th century A.D. It has been pointed out 
in the account of Aryabhata I that it was known to our astronomers from 
Saka 421. Our people, however, did not have an idea of the tangent and the 
secant. Their purpose was, however, served by sines alone. 


OTHER MATTERS 


The question of finding when planets become direct or retrograde and when 
they rise and set, these and other like matters of secondary. importance are 
deait with in the chapter on true motions. It is not necessary to deal with 
them at length here. 


DECLINATION 


Our works assume 24? as the maximum declination of the Sun. The 
obliquity of the ecliptic had reached that value 2400 years before the aka 
era. It is 23° 27’ 10" in the beginning of $aka 1818. This means that the 
maximum declination at the present time, as calculated from our wo rks, is 
wrong by 32' 50". Theobliquity about Saka 400 was about 23? 39'. Ptolem y's 
work (SYNTAXIS, Part I) mentions it as a value lying between 23? 50' and 
23? 52' 30", and it seems to be Prof. Whitney's opinion** that he borrowed 
this value from the works of Hipparchus. As this value of obligudty does 
not agree with the value given in our works, it is obvious that our people did 
not borrow their figure from the works of Hipparchus and Ptolemy. They 
must, of course, have found it independently and some time before the Saka 
era. The work entitled, Yantraràj, assumes 23? 35' to be the obliquity. (In 
fact, this was correct about Saka 900). But no later writers accepted it nor 
did they attempt to find it for themselves. 


* Asiatic Researches, Vol. IV. 
** Transaltion of the Sūryasiddhānta by Burgess, p. 57. 
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PANCANGA 
(Almanac) 


The calculation of the five elements or parts (azigas) of the Almanac 
(Paficanga) is usualy given in the Spastadhikara (the chapter on true Places) ; 
and hence, the question of the almanac is being taken up in this very chapter, 
Such matters as the Saka era, the beginning of the year, the samvatsara (year), 
the ^pürnimànta" and *amánta" systems etc, are but integral parts of the 
almanac ; after considering these, therefore, the consideration of the five ele- 
ments of the almanac, the defferent kinds of almanac etc., will betaken up, 


Astronomical calculations require some moment of time to start with in 
order to predict future p.anetary positions. In aecorc ance with this conven- 
tion, the siddhanta works assume the commencing moment of Mahayuga or 
that of some other Yuga and especially that of the Kaliyuga asthe starting 
moment for calculation ; and the Karara works assume towe particular year 
of the Saka era as the commencing year. A Karana works two however, can 
be found to have adopted Vikram Samvat along with the Saka era. Thus the 
Karaņa work Rāmavinod has adopted Akbar year along with the Saka year, 
and the Phattesdha Prakāša has adopted the Phattešāha year coupled with the 
Šaka year. The Vārsiktantra (page 167), which is really a Karaņa work has 
adopted the commencement of the Kaliyvga for the epoch for calculation, 
and the author has accordingly classed the work as ‘tantra’. Even than it has 
brought, in some association with the Saka era. 


A study of different eras 


Our almanacs, in their opening pages which are usually devcted to the 
study of the *samvatsaraphala” (forecast of the year), refer to six founders 
of eras for the Kaliyuga, like Yudhisthira, Vikrama, Sālivāhana and others. 
Of these, Yudhisthira and the o:her to lived in the past and the remaining 
three are yet to be born. The word Saka, in fact, denotes a certain tribe of 

people. Bhatotpala and others have stated that the era was introduced under 
the name of Saka, since the time when Vikrama defeated the Saka kings, But 
"this does not appear to be reasonable. The Saka kings themselves may have | 
started the reckoning of the era in their own name. The word Saka originally 
denoted a particular tribe, but in compound words like Yudhisthira Saka, 
Vikrama Saka etc., it signifies time, generally known as ‘Era’ in English and 
as ‘San’ in Arabic. The word ‘Kala’ (time) is found to have’ been ured in 
the sense of era in ancient copper plates. For instance, Sakanrpa Kāla, 
Vikrama Kāla, Gupta Kāla (meaning—the era started in the name of Gupta 
Kings) are some examples of the usage of the word Hence, the word Kāla 
has been used in the sense of era in the discussion which follows. 


Expired year and current year 


A number of eras like Vikrama era and Saka era had been and still continue . 
to be, in use in our country, A brief description of them may be given here, 
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Before doing so, however, let some idea be gived about two types of the 
year : the expired and the current. Inthe account of Brahmagupta (page 90) 
the date of compilation of the Uttara Purana has been stated to be Saka 820. 
But the positions of planets, purporting to be true for the year 820, are found 
to agree with those for: what would be Šaka 819, according to the present 
mode of reckoning. Hence, ond begins to doubt whether the real date of 
compilation of the Purāņa was Saka 819 or 820. The Šaka year which is 
mentioned as *'Saka 1818" by the almanac-makers of this province and of 
most of the Provinces in our country is found to have been counted as Saka 
1819 inthe Tamiland Telegu almanacs and in some of the Kannad ones 
printed in Mysore. The reason for this difference appears to be this: The 
positions of planets given in Siddhànta works are true for the initial moment 
of the first year of the Kaliyuga. Supposingthe positions of planets in the 
beginning of the lith year of the Kaliyuga are required, they must be found 
by adding to the original positions the motion of planets for 10 years, since 
10 years would have been elapsed from the beginning of the Kaliyuga to the 
desired Moment. In such calculations the number 10 has to be taken instead 
of 11. The two dates of compilation of the above Purāņa, viz. 819 and 820 
may possibly be accounted for in some such way. In other words 820: is the 
current year and 819 the expired year inthiscase. Similar examples are 
found in copper plate and other inscriptions. It has been pointed out above 
that the Saka year which is numbered 1818 in these parts is counted as 1819 
in some almanacs of the Madras Presidency : But there is doubt if the people 
of that region are really aware of the difference between the expired and current 
years and if it is taken into account at all fOr practical purposes. Now-a-days: 
the Tamil almanacs compiled by Anna Ayyangar of Tanjore District, are in 
general use in Tamil country of the Madras Presidency. The author has 
procured a number of such almanace for the last several years. Among 
these, the almanac for the last Sarvajit samvatsara ;nentions the corresponding 
Saka year to be 1809, while the almanac for the very next year, known as 
Sarvadhàri, compiled by the same author gives 1811 as the Saka year. These 
year were counted as'1809 and 1810 in other provinces. It seems that the 
almanac-makers themselves do not clearly understand. the distinction between 
the expired year and current year ; how can we then expect others to under- 
stand it ? On enquiries made of the well-known Natesh Sastri of Madras and 
the eminent scholars Sundareshwar Shrotni'and V yankateshwar Dikshit, from 
Tiruvadi in Tanjhore District, the author has learnt that the year described as 
“current” above is not at all in vogue in those parts at present. Hence, there 
is reason to believe that the distinction between the expired and current years 
must be merely imaginary and that it arose when two different numbers 
might have been applied by someone to the sane year by mistake. If any 
such distinction exists at all* it can possibly be true only with respect to the 
Kali exa and Saka era which are in use in works on astronomy ; and of 
these two, the distinction can be applied with greater clarity to Kali era. 
The Vikrama and other eras are not in use in astronomical works and no- 
such distinction can be found in their case. However, examples are found 
in which two different numbers are applied to the same year of the Vikrama 
era ; but it must be the result of an error. Jn short, on full consideration. 
the authoris led to believe that, as a matter of fact, there is no such 
distinction as expired,and current year. All years are only current years. 
For example, the present year (when the author is writing this chapter) named 
Durmukh (Saka 1818) is actually ‘current’. Later on, in the study of 
different eras, figures denoting corresponding years have been given 
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—and compared, and in so doing the- system used for reckoning the year 
number is the same as the one prevalent in most parts of India. 
In some places the terms ‘current’ and ‘expired’ have been used; 
but they have been used for differentiation in the gase of only those years, 


to which two different numbers are likely to be applied. Let us now consider 
the ditferent eras. 


The KALI Era 


The Kali era is used for calculating time in astronomical works and in 
alamancs. Its years are both *Caitrādi (luni-solar, beginning from Caitra) 
and Mesādi (Solar, beginning from Aries Ingress). The almanacs mention 
sometimes the current year of this era, sometimes the expired year and some- 
times both. It is not met with very often in epigraphical records. This era 
is not at all used for civil purposes at present. Some almanacs in the Madras 
Presidency, however, state the year only according to Kali era. The year 
(expired) according to Kali era is obtained by adding 3179 to the Saka year. 


The SAPTARSI Era 


This era is at present in use in Kashmir, and the neighbourhood. It seems 
that it was in use in Kashmir, Multan and some other parts at the time of 
Albiruai (Saka 952). The Rája-Tarongini has described all historical events 
only in terms of the years of this era. ‘The era is sometimes known as the 
." Laukika Kāla” (civil time) or the Sastra Kāla, (scientific time). This 
system of measuring time originated i in the supposition that the Saptarsi stars 
(the Great Bear) have motion, that they take 100 years to pass through one 
naksatra and that they revolve through the zodiac once in 2700 years ; thus 
a cycle of 2700 years has been adopted for reckoning time. But in practice 
the century figure is usually left out. When 100 years are completed, the 
counting begins afresh as the first year, second, and so on. According to the 
astronomers in Kashmir, the Saptarsi era began from the first lunar day of the 
bright half of Caitra, in the current Kali year 27. In order therefore, to find 
the corresponding year of the Saka era, one has simply to add 46 to the Saptarsi 
year, neglecting the centuries ; and similarly if 24-25 added one gets the year 
according to Christian era. The “ Saptarsi " years are Caitrādi. Dr. **Kielhorn 


finds that the years in this system are ‘current’ and the months *pūrņimānta” 
(full moon ending**+). 


The VIKRAMA Era 


This era is at present in use in Gujerat and the whole of northern India 
except Bengal. The people of these parts have migrated to other provinces 
but they have carried the use of the era with them. The year of this era is 
Caitrādi in Northern India. (In other words, the Samvat begins from Caitra). 
The months are pūrņimānta. But in Gujerat the year is Kārtikādi and the 
menths are amānta. In some parts of Kathiawad and Gujerat the Samvat 
year is Āsādhādi and the months are amānta. Prof.****Kielhorn has examined 


Mot ee —— 
*Caitrādi means “ beginning. from Caitra” ; Kārtikūdi,, “ beginning from Kārtika”; ; 
Mesādi, “ beginning from Sun's entry into sidereal Aries". (R.V.V.) 


** Indian Antiquary, XX, page 149 ff XX. 
*** The amānta and pūrņimānta systems are discussed later on. 
**** Indian Antiquary, XX, p. 398 ff. 
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150 ancient inscriptions bearing dates of the Vikrama Samvat (year) 898 to 
1877 and has arrived at the following conclusions :—(1) In the case of this 
era, ibe expired year is ordinarily in use. Sometimes * the current year is 
used. (2) In the beginaing, the Vixrama era was Kārtikādi, but it seems that 
owing to the increasiug intluence oi the Saka era, it gradually changed over 
to Caitrādi reckoning on tne north side of ihe Narmadā. In tne fourteenth 
century of this era, both kinds of years, the Caitrādi and the Kārtikādi, could 
be met with in the same tracts of country, the Kārtikādi type being more 
prominent. (3) The months in the ‘Kartikadi’ kind used to be both pūrņimā- 
nta and amánta. The Caitradi year generally consisted of pürnimaata 
mortis, but there does not appear to be any hard and fast rule followed in 
* this respect. 


The era used to be called the Mālava era from 450 A.D. to 850 A.D. The 
earliest inscription containing the word Vikrama belongs to Vikrama Semvat 
898 ; but even in that inscription it is not clear if the word Vikrama has been. 
used to indicate the name of King Vikrama. The earliest refereace of this 
type in ciear terms is found in a poem written in Vikrama Samvat 1050. The 
Vikrama era is at present known as Vikrama Samvat or simply as Samvat. 
The word ‘Samvat is really the corrupt form (abbreviation) of the word, 
'Samvatsara' and it has been used indiscriminately in that sense in a number 
of words like Saka samvat, Simha samvat, Valabhisamvat etc. Some aimanacs 
of Madras and the neighbouring regions give the current year of the Vikrama 
era along with that of the Saka era. For example, the year which is numbered 
as Saka 1818 in these parts is meniioued in those almanacs as Saka year 1819, 
and Vikrama Samvat 1954. The Kārtikādi Vikrama year is obtained by 
adding 134/135 to the Saka year, and the Caitradi Vikrama year by adding 135. 


The CHRISTIAN Era 


This era has come into vogue only since the establishment. of the British 
' rule in our country. The year of this era is Sayana Saur (tropical solar). 
It begins from the Ist of January. At present, the month of January begins 
in the ‘amanta Mārgašīrsa or Pauga**. But it used to begin in amànta Pausa - 
or Māgha before 1752 A.D. when the ‘New Style’ was adopted in, Englard. 

The year of tne Christian era is obtained by'adding 78 or 79 to the Saka year. 


THE SAKA ERA 


The astronomical Karana works use this era almost exclusively. It has. 
lasted so long only becauseit has been espoused by astronomers ; otherwise 
it would have fallen into disuse long ago like the Gupta era, the reignal era 
of Sivaji and several such other eras. The era is, at present, exclusively used 
for civil purposes in the whole of South India, except in Tinnevelli and part of. 
Malabar. |t is used in addition to local eras in other parts of India. The 
year of this era is both lunar and solar. The solar year is used in the Tamil 
country and Bengal, and the lunar year is followed in other provinces. The 
lunar year is ‘Caitradi’ and the solar year is *Mesadi'. The (lunar) months 
of this year are pürnimànta in the North and *amànta" in South India. 


* But refer to the statement above regarding expired and current years. 
** The original gives here ** Pausha or Magh ", which is probably a printer's error. (R.V.V.) 
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This era is not in use at present. Prof. Kielhorn examining the dates cons 
tained in ten copper plates and other inscriptions of this era from 793 to 934, 
has come to the conclusion that the first lunar day of the bright half of Āšvina, 
in the ‘Caitradi’ Vikrama Samvat 305, (i.e. Šaka year 170 or 248-49 A. D.) 
is the first day of the first year of the Cedi era. Conseguently years of this era 
are Āšvinādi and they are used as current years and months are 'pūrņimānta. 
The Saka year is obtained by adding 169-70 to the Cedi year, and the year of 
the Christian era , by adding 247-48 to it. The era was used by the Kalcuri 
kings, of Western and Central India, and it appears to have been in use in that. 
part ofIndia in still earlier times. The author thinks that the first lunar day 
of the dark half of the pūrņimānta Āšvina or the same day of the amānta 
Bhādrapada was the iirst day of the Cedi year. 


. THE GUPTA ERA 
This era is also not in use at present. Dr. Fleet has treated it at great length.* 
After examining the inscriptions from the year 163 to 386 of the Gupta 
era, he was led to conclude that its years are ‘current’, and Caitradi, 
the months are pūrņimānta and the epoch is Caitra Sukla Pratipadā of Saka 
242. When 241 is added to the Gupta year, one gets the Saka year, and when 
319-20 is added, the corresponding year of the Christian era is obtained. The 
era was in use in Central India and Nepal, and was used by the Gupta kings. 


THE VALABHI ERA 


This is merely a continuation of the Gupta era with its name changed into 
Valabhi. It was introduced in Kathiawad in its fourth century, and at that 
time its year used to begin from Caitra. But the day of beginning receded 
five months when it was shifted to the preceding Kārtika Sukla Pratipada. 


Its year is ‘current’ and Kārtikādi. Its months are both 'pürnimànta' 
aid ‘amanta’. If 240-41 is added to the Valabhi’year, the Saka year is obtained 
and if 318-19 is added one gets the year of the Christian era. The inscriptions 


so far discovered which are dated in the Gupta and Valabhi era range from the 
year 82 to 945 of that era. 


HRI ERA 


This era originally belonged to Arabia. It was imported into this country 
under Muslim rule. The word 'Hijrà, means flight. Muxamnap the proph et 
fled from Mecca to Madina on Thursday night (Friday night according to 
Muslim reckoning), the first lunar day of the bright half of Srāvaņa of Saka 
544, i.e. on 15th July 622 A. D. Hence, this era is called the Hijri era ; and 
the date of flight is taken to be the date of its beginning. The months of this 
era, Muharram etc., are lunar ; and as it is not customary to insert an inter- 
calary month, the year is strictly lunar, consisting of 354 or 355 days; and 
hence, the advance of the year number of this era, compared with the advance 


of the year number of any solar era, shows an increase of one, every 32 or 33 
solar years. 


* Corpus Inscrip. Ind. Vol. III, Gupta Inscriptions. Indian Antiguary, Vol. XX p. 376 ff. 
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The month begins on the first or second lunar day of the bright half, from the 
moment of the heliacal rising of the moon. Instead of numbering the days of the 
month as the first day, the second day etc. they call them as the first moon, the. 
second moon, and so on. Such ‘moons’ (2.e., days or dates) number 29 or 30 
during the month. The day of the week and the date begin from sunset. 
Hence, what is a Thursday night to us is a Friday night to the Muslims. 
During day time the name of the day is the same for both. 


THE BENGALI SAN 


This is in use in Bengal. Its year is solar and it begins from ‘Mesa Sam- 
kranti’ i. e. the Sun's entry into Aries. The names of the months are lunar 
and they are Caitra, Vaisakha etc. The month which begins from ‘Mesa 
Samkrānti is called Vaišākha (The samé month js called Caitra in Tamil 
country). The year 1300 of the Bengali san is equivalent to Saka year 1815 
and A. D. 1893-94. The Saka year is obtained by adding 515 to the Bengali 
year : and the A. D. year by adding 593-94. 


THE VILAYATI SAN i 
This era is in use in parts of Bengal and chiefy in Orissa. Its year is solar : 
but the months have lunar names and the year begins on the Kanyå (Virgo) 
Samkrānti day. In Bengal, the month begins from the second or third day after 
the samkrānti ; but the month of the Vilayati San begins on the samkrānti day 
itself*. The Saka year is obtained by adding 514-15 to the Vilayati year and 
the A. D. year by adding 592-93. 


THE AMLI ERA 


This era is thus described in Giriša Candra's “‘Chronological Tables" : 
“The Amli commences from the birth of Zndradyumna, Raja of Orissa, on Bha- 
drapada Sukla 12th, and each month commences from the moment when the 
Sun enters a new sign." It appears that its months are solar, but the year is 
lunisolar. It is likely that the months also had been lunar. The Kanyā 
. Samkrānti may occur on any day before or after the 12th lunar day in Bhādra- 

pada Sukla. The Vilayati and Amli Sans are allied as they have the same 
epoch of reckoning and the same numerical designation. 


THE*FASALi SAN 


This is the harvest year introduced by Akbar. Originally bearing the same 
` number as the year ofthe Hijriera. But the Hijri year is striclty lunar (consisting 

of 354 days) while the Fasali year is solar. Because of this difference, the year 
numbers began to differ as time went on. The Fasali San was introduced in 
Northern India in the Hijri year 963 i:e. 1556 A. D. when Akbar ascended tho 
throne; and emperor Shahjahan introduced it,in South India in the Hijri year 
1046 i.e. in 1636 A: D. In the beginning, the year was assigned the same num- 
ber as the year of the Hijri era, which was 1046.But at that time, the Fasali 
year in Northern India was 1044. Hence, the Fasali year number in the Dec- 
can exceeded the year number int he north by 2. (It so happened because the 


* Warren writes in 1825 A. D. that "the Vilayati year is reckoned from the first of the 
. Krispa paksa in Caitra" (Kala Saņkalita, Tables p. IX).. Jt may have been the practice at 
some places. : 
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Hijri year is purely lunar). As the year beginnings were different in the two 
parts, an additional difference of some months occurred. As this year was 
purely official and had no connexion with religious affairs, the year beginnings 
appear to have been irregular. In Madras, this year originally used to com- 
mence on the first day of the solar month Adi (i.e. Karka or Cancei). In the 
year 1800 A.D. the British Government fixed the 1 3th of July as the permanent 
initial date and later on in 1855, altered this to the 1st of July. In parts of Bom- 
bay the Fasali begins when the Sun enters the Mrga Naksatra (at present on 
the 5th, 6th, or 7th of June). It is thus a solar year ; but its months, Muharram 
etc. arelunar. In northern India, the Fasali year generally begins from 
the ist lunar day of the dark half of the 'pūrņimānta” Āšvina. [n other 
words, the Fasali year 1s in that part luni-solar. In Bengal, the Fasalī year 
1300 commenced in September 1892 A. D. and in Southern India the Fasalī 
year 1300 commenced in Juné or July of'1890 A. D. In Southern India the 
Saka year is obtained by adding 512-13 to the Fasalī year and the A. D. year, 

by adding 590-91. In Bengal, however, the Šaka year is obtained by adding 
514-15 to the Fasali year and the A. D. year by adding 592-93. ' The year 
number of the Bengal Fasali, Vilayati and Amli Sans is the same for all days 
of the year except 18 days at the most: The Bengali San lags behind al! these 
Sans only by 6 or 7 months. In fact, the Fasali San is the origin of the Bengali, 
Vilayati, Amli and Bengali Fasalī Sans. It is clear that the variations in the 
year beginnings began to arise later. 


THE SŪR-SAN OR SAHÜR-SAN 


This is sometimes known also as the Arabi-San. The Sūr-sau cēmmenced 
in the Hijri year 745 i.e., in 1344 A. D., and in the beginning, it was assigned 
the same number as the Hijrī year viz. 745. The Fasali San came into use in 
the Deccan 292 years after the Sūr-san i.e. in the Hijri year 1046, and that 
year according to the Sūr-san was 1037. Hence, a difference of 9 years occured 
- between the Sürsan and the Fasali San in the Deccan. The Sür-san was ex- 
tensively used during the Maratha Supremacy. It ts nine years behind the 
Fasali San in use in the Bombay Presidency , but the two ére similar in all other 
respects. The year of this San begins when the Sun enters the Mrga Naksatra. 
In other words, its year is solar ; but its months, Muharrum etc. are lunar. 
When 521-22 is added to the Sür-san, one gets the Saka year, and when 599-600 
is added, the A. D. year is obtained. 


The Bengali, Vilayati and Amli are special varieties of the Fasali San 
prevalent in the north, and the northern Fasali, the southern Fasali and the 
Sūr-san are special varieties of the Hijri era. 


Li 
THE HARSA KALA 


This era was founded by HARSAVARDHANA, king of Kanauj. lt was 
in use in Mathurà and Kanauj at the time of Alberuni. It is not now in use. 
More than ten Copper (plate and other) inscriptions dated the first and second 
centuries of this era have been diseovered in Nepal. In all those inscriptions 
the years are qualified only by the word ‘samvat’. The Saka year is obtained 
one 528 to the year of the Harga era and the A. D. year by adding 606- 
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This era is current in the District of Chittagong. It is 45 years behind the 
Bengali year ; the two are very similar in other respects*. 


THE KOLLAM ERA OR PARASURAMA ERA 


The year of this era is known as the Kollam Andu. Kollam means Western, 
and Andu means a year. The eraisin use in Malabar from Mangalore to Kumari 
(Cape Comorin), and in the Tinnevelli district. its year is Sidereal solar. 
The year begins from the Solar month of Kanni (i.e. Kanya or Virgo) in North 
Malabar and from the month of Cingam (or Simha, Leo) in South -Malabar 
and Tinnevelli. The names of months prevalent in Malabar are the corrupt 
forms of the rāšis. The years run in cyles of 1000 and the present cycle, is said to 
be the fourth. But in actual modern use the number has been allowed to run 
one over 1000, the year number corresponding to Saka year 1818 being Kollam 
1072. The Saka year 747 was the first year of the Kollam era. The Kollam 
era does not appear to have been in use before this date. By adding 746-47 
to the Kollam yeár one gets the Šaka year and by adding 824-25, the A. D. year 
is obtained. 


The NEVĀR ERA 


This era was in use in Nepal up to Saka 1690. Its years are Kārtikādi and 
the month samaànta. The era is called the NEPALI ERA (in Sanskrit manus- 
cripts) and in copper plate and other inscriptions. The corresponding Sake 
year is obtained by adding 800/801 to the Nevār year, the corresponding A. D. 
year by adding 878/879 and the Kārtikādi Vikrama Samvat by adding 935 to it. 


The CALUKYA ERA 


The Cālukya king VIKRAMADITOA Tribhuvana Malla **instituted this era 
about the Saka year 998. It seems to have ceased after Vijala Kalacuri defeated 
the Eastern Cālukyas in Saka 1084. The system of months and paksas in this 
era is similar to that in Maharastra. Itis not, however, known for certain 
its year actually used to begin. The equivalent sakq yearis obtained by adding 
997/998 to its year and the A. D. year by adding 1075/76. 


The SIMHA SAMVAT 


This era was in usein Kathiawad and Gujerat. Inscriptions bearing Samvat 
Numbers 32, 93, 96, 151 of the Simha era have been found.***The author is 
inclined to infer from them that its year is luni-solar and current. The months 
are amānta but in one instance they seem to be *Pūrņimānta.” The yearis most 
Probably Asadhadi. It is certainly neither Kārtikādi nor  Caitràdi. By 
adding 035/36 to the yearof the Simha era one getsthe Saka year, by adding 
1113/14—the A. D. year and by adding 1170 the ‘Asadhadi’ Vikrama Sambat. 


* Chronological Tables for A. D. 1764-1900 by Giriša Candra. 


** The name. Tribhuvana Malla, has been added on the authority of the  Zndian Calen- 
ar by Sewell and Diksit. (R. V. V.). 


*** Indian Antiquary Vol. XVIIL XIX. 
1 D.G.O./69 18 
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* This era is current in Tirhūt and Mithila but always along with the Saka or 
Vikrama era. There is a difference of opinion as to its epoch. Colebrooke 
(1796 A. D.) makes its first year correspond with 1105 A. D.; Buchanan (1810 
A. D.) fixes it as 1105 or 1106 A. D.; Tirhüt almanacs, however, for the years 
between 1776 and 1880 A. D., show that it corresponds with 1108 or 1109 
A. D. Buchanan states that the year begins on the first day following the full- 
moon day of Asadha that is on the first lunar day of the dark half ofthe ‘purni- 
manta’ Sravana, while Rajendralal Mitra (1878 A. D.) and General Cunning- 
ham assert that it begins on the first lunar day* of the dark half of (pūrņi- 
mānta) Māgha. Dr. Kielhorn, examining six inscriptions dated in this era, 
from 1194 to 1551 A. D. concludes** that the year of the era is Kārtikādi, that 
the months are amānta and that its first year corresponds with Saka 1040-41. 
This conclusion is supported by ABUL FAZAL’S statement in the Akbarnāmā. 
Accordingly, the Saka year is obtained by adding 1040-41 to the year of this 


era,the A. D. year by adding 1118-19 and the "Kārtikādi” Vikrama Samvat 
by adding 1175. 


The ILAHI ERA 


This was established by the emperor Akbar, Yt is also known as the ‘Akbar 
San. It dates from his accession, which took place on Friday, the 2nd day of 
the month of Rabi-us-sani, in Hijri year 963, i.e. 14th February, 1556, A. D. 
Saka 1477.*** This era employed extensively is found on the coins of Akbar 
and Jahangir, and appears to have fallen into disuse in the reign of Shah-Jahan. 
its year is solar. Abul Fazal remarks, ''The days and months of this era are 
both natural solar (Savana) without any intercalations. The names of the 
months and days correspond with the ancient Persian. The months have 29 
or 30 days each. There are no weeks, the whole 30 days being distin- 
guished by different names. Some months consist of 32 daysp". Here the 
lengths of the months are said to be “from 29 to 30 days each”; but in the old 
Persian calendar they had 30 days each. The names of the months in this 
era, Farwardin etc, are the same as those of the Persian months given in 
our almanacs at present. The Saka year is obtained by adding 1476-77 to the 
Ilàhi year and the A. D. year by adding 1555-56 to it. 


The RAJASAKA OR RAJYABHISEKA ERA 


This was established by Siváji, the founder of the Maratha kingdom and 
commenced on the day of his accession to the throne, that is on: the 13th 


* This much information is from Cunningham's "Indian Eras" 
** [ndian Antiquary, XIX, p. 7 ff. 


*** Cunningham has recorded the initial dates of 50 years of Akbar's era as given by 
Abu! Fazal (See Indian Eras, page 225). The first day of the very first year in it, is given as 
the27th date of Rabi-ul-akhir (Tuesday, 10th, March); and the first days of the subsequent 
years are found to be occurring about 10th March, according to Old Style, that is on the 


Vernal Equinox day. Thus the first day of the Akbarī era used to fall about the 21st March 
of the New Style. 


Although Akbar ascended the throne on the second day of Rabi-ul-akhir, the commen 
cement of the era was purposely postponed by 25 days. This shows thatit was Akbar's in- 


‘tention to start the year on the equinoctial day, that is on the day when the night and day are 
equal(the day of Sayana Aries Ingress). 


T Prinsep's Indian Antiquities, Useful Tables, II. p. 171. 
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junar day of the bright half of Jyaistha in the Samvatsara named Ananda, Saka 

1596. The denominating number of the year changes on the above lunar 
day. In other respects it is the same as the southern luni-solar amānta Saka 
years. The Saka year is obtained by adding 1595-96 to the year of this era and 
the A. D. year by adding 1673-74*. 


The subjoined table gives at a glance the differences in the year numbers of 
all eras-current as well as obsolete. Of these, the Kali year, however, is given 
in two ways, current and expired. The year numbers of other eras have, in 
fact, no differentiation between current and expired. The figures relating to 
them have been given in this table on the assumption that they represent the 
number actually assigned to the year in most parts of the country. The com- 
mencing month or the day in the case of each era is givenin brackets under the 
nameoítheera. "lhelunar months indicated ın them are amānta moon ending.. 


Kali Saptarsi Vikrama Christian Šaka 
(Caitra, Mesa) . (Caitra) (Caitra) (Asāčhae) (January) (Cattra, 


Exp'red 4979 


(Kārtiku) Mesa) 


Current 4980 4954 1935 1954 1878 1880 
, Cedi Gupta . Gupta Hijrī Fasalī Fasali 
Valabhi Deccan Bengali 
(Bhadra. K. 1) (Kārtika) (Caitra) (Muharram) (Mpg, July) (Bhūdra. K. 1 _ 
1639 g 1559 1559 1295 1287 1285 i 
Viiāytī Ami | Bengali Arba Sir | Harga n Magi . Kollam 3 
(Kanyā) (BhiS.12) Cyissa) (Mg! (Mesa)  (Simha, Kanyā.) 
1285 1285 1285 1278 1272 . 1240 1053 
É Nepal | Cēlukya Simha  Laksmanasena Ilāhī Sivaji 
(Nevar) E (Akbar) Raj Saka 
(Kartika) (Asagha) (Kartika) (Sayana (Iyaistha 
Mesa) S. 13! 
299 802 764 759 323 204 


*In the above discussion, rules for finding the year of an advanced (earlier) 
era by addingcertain numbers to the shorter (later) era have been given, in some 
cases, two additive figures have been given. The following rule should be 
cbserved with regard to them :— 


When the day in question is one occurring after the first day of the year of 
the later era but occurring before that ofthe earlier era, add the first of the two 
numbers, otherwise add the second. Examples: zi) Šrāvaņa S. 1, Šaka 
1801 =Sravana S. 1, Kārtikādi Vikrama Samvat 1935, Āsādhādi Vikrama 
Samvat 1936 ; A. D. 1879 (2) Māgha S. 1 , Saka 1801=Māgha S. l, Asadhadi 
and Kārtikādi Vikrama Samvat 1936, A. D. 1880 (3) Šrāvaņa S. 1, Deccan 
Fasali San 1289—Š$rāyaņa S. 1, Saka 1801, A. D. 1879 (4) Caitra K. 30, Fasal} 

289=Caitra K. 30 Šaka 1802, A. D. 1880. 


18A 
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.. This table gives,the year number of each era on Saturday, the 11th lunar day: 
of the bright half of Caitra, Saka 1800, i.e. 13th April, 1878 A. D. The name 
of the ‘samvatsarq’ in that year was Bahudhānya (12th) accordigg to luni-solar 
System and Vikrti (24th) according to the Jovian system. The Mesa Sam- 
kramana (Sidereal Aries Ingress) had occurred very recently on Thursday, the: 
9th lunar day of Caitra S. at 10 ghatis past midnight, and the Kali year and 
Saka year, by the solar measure, had begun, at some places, on the same day, 
at others, on the next day, or on the third day, that is on Saturday, Caitra S. 
11th. Inallalmanacs, it was the1lth lunar day according to the lunar measure... 
In Bengalit was the first day of the Saura or solar Vaišākha (or Mesa) of the 
Saka and the Bengali San and the 26th day of the Caitra of the Fasali San. It. 
was the third day of Saura Vaišākha of the Vilāyatīand Amli Sans in Orissa. It 
was the second day of the Saura Caitra i.e. Mesa in the Tamil (i.e. the Dravidian}: 
country, and the second day of the month.of Mesa of the Kollam.(Parasurama)- 
year in the North and South Malabar. It was the 9th moon(day) ofthe month 
of Rabi-ul-akhir (or Rabi-us-Sani) of the Hijriera and of the Fasalī and Sūr 
Sans in our province. 


THE LUNAR AND SOLAR MEASURES 


Let us consider briefly the use of the two systems of years, viz. the lunar and 
the solar. Most of our religious rites and festivals have some connexion with: 
the tithi, that is with lunar measure. The ceremonies associated with Sam- 
krāntis are related to the solar measure. The years Prabhava, etc. originated 
fromthe Jovian measure. Hence, it cannot be stated definitely that a parti- 
cular kind of measure alone is in use among our people. In some territories. 
however, the solar measure is mostly in use while in others, the lunar measure.. 
In Bengal, the solar year is in use. The almanac for Saka 1809 compiled by 
Jwalapati Siddhānta and published at Madras, remarks *'In these parts the lunar- 
measureis acceptablefor the civillife of people; the solar measureis acceptable 
in the regions, south of Šesācalam Hills." I found this almanac witha Tailanga 
Beahmana residing at Nellore, the north of Madras, who told me that the lunar: 
measure was in vogue in his part ofthecountry. Itappears from this and from 
several almanacs in use in the Madras Presidency that the author procured 
and from the information personally gathered from the people of di- 
fierent provinces, for civil purposes, that the solar measure is in use in the Tamil: 
Country ofthe Madras Presidency, in Malabar and in Bengal ; and that in other: 
parts of India, the lunar measure is in use for civil purposes. The measures. 
recommended by scriptures are followed for religious functions, The ques- 


tions relating to months of this system and their beginning will be considered 
later on. 


BEGINNING OF YEAR 


The year began from the month of Madhu in the advent of the spring 
season, in the times of Yajurveda and later on, throughout the Vedic period. 
The month of Madhu received the name Caitra at the end of the Vedic period. 
It appears from the Anuvāk, describing the year-long sacrifice (page 28 of Part I) 
and from other quotations (pages 29 and 30 of Part I) that they 
year began with the Citrā full-moon day,(full-moon day of Caitra or 
the 1st luner day of the dark half), with the Phālgunī full-moon day (i.e. on 
the 15th lunar day of Phālguna S. or the Ist lunar day ofthe dark half) and in 
some cases on the 8th lunar day of the dark half of (ekastaka of) ‘amanta” 
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‘Magha. In one quotation Phālguna is said to be the ‘mouth’ i.e. the first 
month of the year (page 131 of Part I). If this Phālgunā be à Pirnimdnte 
month, the Ist lunar day of the dark half of 'amántà' Magha would be 
the year-beginning. If it be amanta then the Ist lunar day of the bright half 
of Phàlguna would be the year beginning. Itis also likely that at one time 
the year commenced at the beginning of ‘pirnimanta’ Pausa ; the month was 
not, however, called the Pausa then (page 134 of PartI). In the 
Vedānga Jyotisa period, the year used to begin With the month of 'amanta' 
Māgha. References can be cited also to show that the year in the Mahabharata 
times used to begin in Mārgašīrsa ; even then, the references from Sūtrās show 
the importance of the year beginning from Caitra in the * Vedānga” period. 
Let us now consider the later period. The astronomers begin the calculations 
in their works either from the initial moment of the solar year or from that of 
the luni-solar year, according to their convenience. Gaņeša Daivajiia has 
started the calculations in the Grahalaghava from the beginning of the luni- 
solar* year, but for his work Zithi-cintāmaņi he adopted the solar year beginn- 
ing i.e. the day of the sideral Aries Ingress as the year beginning. In the case of 
the solar year too most of the authors of astronomical works adopt the 
moment of mean Aries Ingress which some adopt that of the true Aries 
Ingress as the year beginning. Again, in the case of the Junisolar year, the 
beginning does not necessarily coincide with the first moment of the first 
lunar day of Caitra Sukla; it is made to coincide with some moment—generally 
sunrise—on that day. Sometimes the moment of midnight ornoonor even 
sunset is chosen for that purpose. 


According to Dharmasastras, the year beginning coincides with the begin- 
ning of Caitra. 


Let us now consider the beginning of the ordinary or civil year. It is need- 
less to say that as religion and practical life are intimately connected, the initial 
moments of the two kinds of year also have a close relation. In many parts of 
India the year begins from Caitra. Where the Saka era and reckoning are in 
vogue, the year begins from the Caitra Sukla Pratipada. In provinces 
north of the Narmada, other than Bengal, the Vikrama era, lunar ` 
measure and ‘purnimdnia’ months are in use. Even then the year begins on 
the 1st lunar day of the bright half of Caitra. In Bengal, the Saka era and 
the solar measure are in use. There the year begins from the Saura Vaišā- 
kha i.e. from the moment of true Mesa Ingress ; but the importance of the 
first lunar day of the bright half of the lunar month of Caitra appears to have 
been recognized. Similarly, the solar measure is in use in the Tamil Country. 
The year there begins from the moment of true Mesa Ingress ; still, the impor- 
tance of the first lunar day of the lunar Caitra Šukla seems to be maintained. 


. There appears to be a difference of opinion asto whether the year is to begin 
in the bright half'of proper Caitra or that of the intercalary Caitra when Caitra 
as an intercalary month. 


At those places where the year is made to begin from the Mesa Ingress, 
it is begun at present from the moment of the true Mega Ingress ; but forffierly, 


3 
* By a luni-colar year is meant that year of which the months are lunar but in whieh an 
ntercalary month is introduced in order to keep agreement with the solar year. 
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it seems that it used to begin from the mean Ingress*, because that has im. 
portance in astronomical works. “The Bkāswatīkaraņa (Saka 1021) has adopted: 
the moment of true Mesa Ingress as the epoch. No other work beforeit had 
adopted the true Ingress for its epoch. Several instances are found from ins-. 
criptions, dated later than Saka 1083, in Malabar, which show that the month 
used to begin at the moment of the true Ingress.** Šrīpati (Saka 961) con- 
demns the mean intercalary month and recommends observance of the true. 
inter calary month. It shows that before Saka 1000, even for civil purposes, the- 
year may have been taken as beginning from mean Mega Ingress, and the true: 
ingress may have come into use later on. 


The question as to what moment of the month of Caitra or Mesa, marked. 
the beginning of the year, will be considered,while discussing the month later on, — 


The year may also begin in months other than Caitra or Mega. Let us. 
consider this question. 


The year of the Vikrama Samvat begins on Kārtika Šukla Pratipada in 
some parts of Gujerat and in Southern India. The author has an almanac with, 
him for the Saka year 1810 (i.e. 1888-89 A. D.) published at Ahmedabad. Jt; 
gives the Vikrama Samvat 1945 as beginning from As&dha which means that 
the Samvat year 1945 started from the Sukla Pratipada of Asddha of Saka: 
1810. A well-known merchant from Kathiawad, residing at Barsi, told the: 
author in Saka 1810 thatfor the purpose,of madtaining accounts and for other | 
practical purposes they change the Samvat year from the first lunar day of} 
Asüdha Sukla half, in such cities as Rajkot, Jamnagar, Morvi, Tankara, Jodia, : 
Khambhalia, etc. which are situated in the Halar district, and in cities like:. 
Amreli, Damnagar, Jetpur, etc., that is, in almost the whole of Kaihiawad yt 
and accordingly it was found from the letters received by the merchant from 
those parts that the Samvat 1944 changed to 1945 after the Ist lunar day of 
Asadha Sukla. Dr. Fleet also observesin his Corpus Inscriptionum Indicarunt 
Vol. III, that the Halar Samvat begins from Asádna. in Saka 1810 the author: 
met at Barsi some merchants from Idar, who told him that in the territory within ` 
100 miles of their place, the Samvat begins from the 2nd lunar day of the dark 

„half of ‘aminta’ Asé¢ha. The Fasali San begins from the first lunar day of the. 
dark half of *pūrņimānta” Aévina (i.e., ‘amanta’ Bhadrapada) in Bengal and in . 
some parts of Northern India. In Orissa, the year begins from the 12th lunar - 
day of the bright half of Bhādrapada (page 255). It appears thatin Tirhut . 
and Mithila, the Laksmana Sena era begins from the first lunar day of the dark 
half of *pūrņimānta* Srávana or Māgha, which corresponds to amanta Āsādha. 


or Pausa. 


From the almanacs printed at Cochin and Trivandrum and from other in-- 
formation, it is learnt that in South Malabar and Tinnevefly the year begins at 
the moment of the Sun's entry into Leo. From the almanacs printed at Calicut 
and Mangalore and from other sources of informations it is found that in Nort/t 
Malabar, the year begins from the Kanyd (Virgo) samkrānti. In Madras Pre- 
sidency the Fasali year used to begin with the month of ‘Karka’; later on, it was. 


* The mean Mesa Ingress takes place some time after the true Ingress.The difference in 
ihe moments of the two is known as ‘Sodhya’ (subtrahend). This ‘Sodhya’ is different 
in different works. According to Aryabhata L it is equal to 2 days 8gh. 51 p. 15 vp. and 
According to modern S. S. it is 2 d 10-14-30, 


*x* Indian Antiquary, XXV, p. 53 ff. 
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‘made to begin on the 13th of July and at present it begins from the ist of July. 
In Mahārāstra, the Fasali year begins with the Mrga naksatra. In Orissa, the 
year of the Vilayati San begins from Kanya Samkranti. 


We have so far reviewed the system in use at present. Let us now see the 
system prevalent in by-gone days. None of our astronomical or other works 
have either given the history of the first month of the year or discussed the 
matter or given any decisions. Hence it has become difficult to know the 
history of this question at present. Sivājī's coronation era used to begin from 
the 13th lunar day of the bright half of Jyaistha. The Akbari San used to 
begin with the tropical Mesa samkrānti that is the vernal equinox day: Ac- 
cording to Kielhorn, the Cedi era began in Āšvina. Albirunt has given 
very valuable information on this point. He writes : i ` 


« The astronomers who use the Saka era, begin the year with the month Caitra, 
whilst the inhabitants of Kanir, which is conterminous with Kashmir, begin jt 
with the month Bhādrapada. 


All the people who inhabit the country between Bardāri anc Mārīgala 
begin the year with the month Kārtika...... The people living in the country of 
Nīrahāra, behind Mārīgala, as far as the utmost frontiers of TJākešar and 
Lohàvar begin the year with the month Mārgašīrsa...... The people of Lan- 
baga, i.e. Lamghān, follow their example. I have been told by the people of 
Multan that this system is peculiar to the people of Sindh and Kanoj, and that 
they used to begin the year with the new moon of Mārsašīrsa, but that the people 
of Multan only a few years ago had given up this system, and had adopted the 
system of the people of Kashmir ; and followed their example in beginning the 
year with the new moon of Caitra.”* 


According to the amūnta lunar measure the year beginnings are as follows :— 
(1) The beginning of the month of Madhu (The Ist lunar day of the bright half 
of Caitra (2) the Ist lunar day of the dark half of Caitra, (3) the 13th lunar day of 
Jyaistha Sukla. (4) The lst lunar day of the bright half, and first and second 
lunar days of the dark half of Asadha (5) the Ist and 12th days of the bright 
half and the Ist day of the dark half of Bhadrapada. (6) Perhaps the Ist lunar 
day of Āsvina Sukla (7) the Ist lunar day of Kārtika Sukla and that of the dark 
half of ‘amanta’ Kārtika (8) the Ist lunar day of Mārgašīrsa Sukla (i.e. beginning 
of the month of Mārgašīrsa), or perhaps, the Ist lunar day of the dark half of 
Mārgašīrsa (i.e. the beginning of the month of *pūrņimānta” Pausa); (9) the 
first lunar day of the dark half of pausa, (10) the 1st day of the bright half of 
Māgha and perhaps the first day of the dark half of Magha (i.e. the beginning 
of the *pürnimànta' Phālguna), the 8th day of the dark half of Māgha, and 
(11) sometimes the Ist lunar days of the bright and dark halves of Phālguna. 
According to the Nirayaņa solar measure the year beginnings are :—(1) Mesa 
Ingress (2) the Mrga naksatra (approximately the 25th day of the month of 
Vrsabha) (3) Sun's Ingress into Karka, Simha and Kanya. These occur res- 
‘pectively in the amānta lunar months of Caitra, Jyaistha (sometimes Vaišākha, 
Asadha, Šrāvaņa, and Bhadrapada.) By the tropical (Sāyana) solar measure 
the first point of Aries and the Ist day of July (approximately the lith day 
of the tropical Cancer Ingress) marked the year beginnings. 


+ Albirupl's India, Vol II. p 8 
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Let us now see when and where these year-beginnings were or are in use. 
The beginning of Madhu or Caitta in the spring season is regarded as tbe 
beginning of the year by Srutis, Vedangas, Smrtis, Puranas, works on astronomy 
and the modern and ancient works on Dharmašāstra. Copper plate and other 
inscriptions of Gupta-Kings during the period from 156 to 209 of Gupta 
era, Saka 397 to 450, have been discovered. All astronomical references in 
them can be verified when the year is taken to begin from the beginning of 
Caitra.* At one time the Guptas enjoyed suzerainty over most of Northern 
India. Beruni has written (Saka 952) that the beginning of Caitra marked 
the beginning of the year. in short, this year beginning has been universally 
recognized at all times and in all places, Even when this year beginning 
was in use, there had been and sull are other year beginnings at some places 
and at some times. The first day of the dark half of Caitra, which always 
eccurred in the spring season, appears to have been regarded as the year- 
beginning by the pūrņimānta scheme at some places during part of the Vedic 
period. ln Bengal, the year begins at the beginning of the solar month of 
Vaisakha i.e. at the beginning of Mesa. lis antiquity cannot be ascertained. 
It is, however, recorded in the works on Dharmasastra by Jīmūtavāhana 
current in Bengal; and this šīmūtavāhana appears to have lived about Saka 
1014.** The Brasvatikarana (Šaka 1021) which was compiled in the holy 
city of Jegannātha makes the year beginning coincide with the Mesa Sam- 
krānti. Again the same, that is, the beginning of the solar Caitra, is taken 
to be the year beginning in Tamil region; aud it is aiso not known how ancient 
the practice is. "But „copper plates and other inscriptions belonging to the 
12th century of the Saka era have been found*** in those parts, which refer 
to the solar months. The Ārya-siddhānta is in use in that region. This 
year beginning may have been as old as that work ( Šaka 421). The sun enters 
Mrga naksatra in the month of „Jyaisi ha and sometimes in Vaišākha. This 
is the time of the year beginning of the Sir San and the Fasali San in Maharastra 
and the adjoining territories. This has been in vogue from Šaka year 1266 
(1344 A.D.). This accords the seasonal year. The New year's Day following 
the 13th lunar day of bright half of Jvaistha has a personal association, since 
it is the first day of the regular year of Sivaji. The year begins on the Ist 
lunar day of bright half of Asagha in use in Kathiawad and the practice is at 
least as old as the Simha Samvat, (Saka 1036). Similarly choice of the 2nd 
lunar day of the dark half of Āsādha appears to be equally old. The Ist 
lunar day of the dark half of Asadha as the year-beginning connected with 
the Laksmana Sena era, in Tirhut and Mithila may have come into use some 
time after Saka 1041. Although all the three ycar-beginnings in Āsādha are 
connected with tithis, stl they are essentially seasonal since they are 
clearly related to the beginning of rains. The Fasali San formerly used to begin 
with the beginning of Karka, that is, in Āsādha: in the Madras Presidency; 
but at present, under Government orders it begins from the Ist July (in Jyaistha 
Or Asadha). This also is seasonal. Now-a-days the Official Revenue year 
begins in August in our province. (The official year begins also in April. 
The civil year begining in January is now current. everywhere.) In Malabar 
the year begins at the beginning of Simha (in Sravana) and that of Kanyā 
(Bhadrapada). The practice may be as ancient as the Kollam era (Saka 
747). In Bengal the year begins at the beginning of 'Kanya'. This is 
associated with the Fasali San and has come into use from Akbar's time. In 


*Gupta Inscriptions, Introduction. 
** See Chapter on ‘M4satatva’ in the work entitled, Kūlatatvavīvecana. 
*** See my Indian Calendar, p. 89. 
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_Albiruni’s time, the year used to commence in Bhādrapada in the vicinity of 
Kashmir. The 12th day of the bright half of Bhādrapada has a personal 
association in Orissa in regard to the new year. The first day of the Cedi 
year probably used to fall on the 1st lunar day of the dark half of Bhadrapada. 
It may as well have been the lst day of the bright half of Ásvina. Copper 
plate inscriptions from the Cedi year 793 (Šaka year 962) have been found 
and the practice may be reaching as far back as that year. The choice of 
Kārtika as the year-beginning appears to be very ancient. Bhatotpala's 
commentary on the Brhatsamhita contains some quotations from earlier 
authors of the Samhitas, wherein there are stray references of all the months; 
in the course of these, Kārtika has been mentioned as the first month of the 
year at certain places. In the Sūrya Siddhānta also it has been spoken of 
as the first month. It appears to have been in vogue in Northern India from 
the date of Vikrama era. A number of copper plates and other inscriptions 
from the Vikrama year 898 onwards nave been found in Northern India in 
which the Vikrama Samvat has been mentioned as commencing from Kārtika. 
At the time of Albiruni, the Vikrama year was Kārtikādi. Even in Nepal, 
the Kārtikādi year was current till 1748 A.D. At present it is confined only 
to Gujerat. The month of Kartika got the first place in the order of months 
because Krttikà was regarded as the first nakgatra. Even the years beginning 
from Mārgašīrsa appears to have some connection with Krttikas. Apparently 
that month was regarded as the first which began on the day following the full 
moon with Krttikàs, the first naksatra, but the month was named Mārgašīrsa 
since it would end with the full moon near the Mrgasirsa star. The months 
referred, to in the Mahābhārata are Margasirsadi and not Kartikadi. This 
shows that the system of reckoning months from Mārgašīrsa is more ancient 
than the Kartika-system. It must have been in use as far back as 2000 B.S. 
At the time of Alberuni, Mārgaširsa was the year-beginning in many regions. 
it is not in use now. Considering the name Agrahāyaņī applied to Mrga- 
$irsa, it appears that when that star was the first naksatra about 4000B.S., 
they used to begin the year from the day following the full moon near that nak- 
satra. Had the system of naming months as Pausa, etc., been in existence, the 
first month of the year would have beencalled Pausa. But it was not existent; 
and hence, no reference to the names Pausa, etc., is found anywhere. Its 
absence is one of the proofs to show that the names Caitra, etc., came into use 
after Krttika became the first naksatra. The first lunar day of the dark half 
of Pausa may have been the first day of the year of the Laksmanasena era some 
time in Bengal. The beginning of the year is recorded in the Vedaüga Jyotisa 
as coinciding with the beginning of Magha. It seems that it was not in use 
in wide areas for a long time. The year-beginning referred to in the quotation 
“Phālguna is the first month of the year" (page 131 of Part I) must have been the 
first lunar day of the dark half of Magha or that of the bright half of Phālguna. 
This was probably meant for restricted use. The 8th lunar day of the dark 
half of Māgha (Ekāstakā) as the year beginning seems to be likewise restricted 
in use, for it has not been prescribed as the first day of the year-long sacrifice, 
[All Mīmāmsakas believe that the anuvāk relating to the year-long sacrifice 
has been construed by Jaimini as directing that the sacrifice should begun 
4 days before the full moon day of Māgha.] The same thing is corroborated 
from the fact that Āšvalāyana has recommended the full moon of Phālguna 
or Caitra (page 136 of Part I) for commencing the sacrifice. The Phālguni full 
moon day has been recommended as the year beginning because of its asso- 
ciation with Spring (page 136 of Part I). It is, however, already pointed out 
before (pagel37 of Part I) that in the Vedic period, the equinox did not 
"occur in Phālguna. 
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There is no amànta lunar month which was not associated, at some time 
or other, with the beginning of the year. But of all the months, Caitra has. 
the strongest link with the year beginning ; Kāruka and Mārgašīrga have got 
comparatively lesser association with it, still it is fairly strong. Bhādrapada 
can claim much less, yet it is considerable. Jyaistha, Āsādha, Šrāvaņa, Magha. 


and Phālguna have only a slight relation with it while Vaisàkha and Aévina 
have slighter still. 


Almost all the types of vear-beginnings described above have seasons as. 
their underlying cause. 


There used to be in the past and there are even now different year- beginnings. 
in the same region and at the same time. For instance, in our province, we. 
have these days different year-beginnings like the 1st lunar day of the bright. 
half of Caitra, Mrganaksatra, the first lunar day of the bright half of Kārtika, 
January, etc. In each province there are at least two year beginnings. 


First POINT OF THE ZODIAC 


The foregoing discussion does not show that the year beginning in a parti- 
cular mouth, receded to the previous mon.h gredualis. The cycle of naksatras. 
. begins from the Krttikās according to the Vedéngas. One may naturally: 
infer that Miyga was the first naksatra before the Kritikas. But no such system: 

of reckoning is actually found to have been in use. . Astronomical works. 
like ihe Šiecihāntas give Ašvini as ihe fits: naksaira. It was not so in the 

Vedic: or Vedánga-Jyetisa periods. According to ihe Vedanga Jyotisa, the. 
cycle began from the Dhanisthās. According to the Mahābhārata, Sravana 
was once the first naksatra; which means that these two stood at the head 
of the naksatras in the Vedāūga period; and in that period, Krttikà also was: 
regarded as the first naksatra. The priority of Mrga, Krttikā and | Ašvini. 
was related to Spring or the vernal equinox and that of Dhanistha and Sravana.. 
to the winter solstice. 


There does not appear to be a tradition that the leadership ofthe naksatra-- 
cycle should successivelv pass on to each preceding naksatra. 


JOVIAN YEAR 


SAMVATSARA 


The word Samvatsara was originally used in the sense of year. But there 
is a system of assigning names like Prabhava, etz.. to 60 years in order. The: 
term Samvatsara is affixed to these names also. These samvatsaras originated 
from Jupiters movement and that is why they are called Jupiter's years or- 
Jovian years. They must have come into being, after it was known that Jupiter 
„takes about 12 years for one revolution through the zodiac. The time taken. 
by the sun to make a complete round is known as year, while the 12th part 
of this period is called a month. Following the same litte of reasoning, the . 
system of naming the period for one revolution of Jupiter as Jovian year: 
and its 12th part as Jovian month must have first come into use. Just as the 
lunar months derived their names Caitra, etc., from the moon's position in the: 
naksatras, Jovian months too must have derived their names from the naksatras. 
with which Jupiter was every time observed when heliacally rising, since it 
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vanishes for some days in the light of the Sun owing to its proximity with the: 
Sun. These Jovian months are, in fact, nothing but solar years; and that is. 
why the years came to be called Caitra Samvatsara, Vaiéakha Samvatsara and 
so on. The twelve year cycle is a convenient means for measuring the number 
of years. This twelve year cycle is of two kinds. In one, the Samvatsara 
receives its name from Jupiters (heliacal) rise; let this system be called 

""Udayapaddhati" (the rise system). About 400 days elapse between two. 
consecutive (heliacal) rises of Jupiter and during the period of one revolution,. 
that is, in 12 years, Jupiter rises (heliacally) 11 times and one samvatsara is, 
therefore, suppressed. This system is somewhat inconvenient. Hence, 

when Jupiters mean motion was correctly known, astronomers decided to 

call that period Jovian year, in which it passes through one-twelfth part or 
one sign of the zodiac. By this system, no samvatsara is suppressed during. 
12 years. Let us call this system the mean sign system (Madhyama-Rasi- 

paddhati) It is not so natural and easy to know the time Jupiter takcs io 

pass through one sign by mean motion, as it is required to see and know the 

actual rise of Jupiter. It appears from this that the Udayapaddiati must 

have been the original* system. References from the Mahabharata indicate 

that it may have been in use before 500 B.S. The Caitradi samvatsaras are 
not known in our province, but the Càndra Paūcātga of the Marwaris States 
the name of ihe Samvatsara, such as Caitra Samvatsara, eic., as calculated. 
by the mean sign-system. Similarly, in Madras Presidency, the Telugu 
aimanacs of the lunar system give the names of samvatsaras according to the 
*'Udaya-paddhati'. Amons the several ancient inccrinitons on stones and 
copper plates that have been found so far there are five belonging to the period 
from Saka 397 to 450 when the Guptas were in power. These inscriptions. 
bear witness to the use of Caitra and other Samvatsaras. (lt has been proved 
that the samvatsaras have been calculated by the ‘Udaya’ system.) Similarly 
two inscriptions, belonging to the king Mrgavarmā of Kadamba dynasty 
of Scuth India have been found which refer to such samvatsaras. 


SIXTY SAMVATSARAS 


The Vedāīga Jyotisa refers to a yuga consisting of five years. Apparently 
this led to the conception of an analogous period (yuga) consisting of five 
Jovian years. This cycle naturally consisted of about 60 years, and its years. 
(samvatsaras) were named Prabhava,etc. Thus came into existence the cycle 
of sixtv years. It must, of course, have originated after the twelve year cycle. 
It is more convenient for counting the number of years. In the beginning, 
the samvatsāra in this cycle also used to be reckoned from the (heliacal) rises. 
of Jupiter ; but later on the system was abandoned and replaced by that of 
calcuiating the years from the time taken by Jupiter to pass through a sign 
by mean motion. According to the Sürva Siddhānta, Jupiter takes$ approxi- 
mately 361%—1gh-—36* to cross one zodiacal sign. This length of the Jovian 
year is somewhat less than that of the solar year. Hence, there occur 86 
Jovian years during a period of 85 solar years which necessitates the suppression 
of one Jovian year. It is similarly evident that the Samvatsara may begin 
at any moment during the year. The Jovian samvatsara has another system 


of reckoning in which no samvatsara is suppressed, which virtually amounts 
ur c E MMOL MN 


*I have discussed this subiect in detail in the article *"Twelve-yeār cycle cf aipha in 
t wo issues of the English monthly entitled Irdian Antiquary, for the year 1888. 


tA few palas more or less according to other siddhantas. 
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to adopting for this samvatsara a length equal to that of the solar year ; and 
.hence, such a samvatsara is termed a Saura (solar) samvatsara, or a Candra 
(lunar) samvatsara in virtue of the fact that it begins on the same day as the 
lunar year. At present the Jovian samvatsaras are in use in regions north 
of the Narmada ; and the lunisolar samvatsara system is in use in the south. 
The Samvatsaras prevalent in Southern India (south of the Narmadā) are also 
called Jovian by some ; but it is a mistake. There is no "Jovianity" left im 
them at present. 


LUNI-SOLAR SAMVATSARA 


The system current in the South is not the original system. ‘The luni-solar 
‘system has been mentioned in the modern Romaša siddhānta and Sakalya’s 
Brahmasiddhānta ; but these works are not as old as other siddhāntas. All 
other siddhàntas have referred only to samvatsaras belonging to the Bārhas- 
patya (Jovian) system. The astronomical works describe *savana' (civil) 
and other different kinds of measures and among these the Jovian (measure) 
is expressly mentioned as specially to be used in the case of samvatsaras. 
Copper plate and other inscripions show that even in the South the Jovian 
system of reckoning samvatsaras wás formerly in use. For example, a copper 
piate inscription relating to king Govinda lli* of Rástraküta dynasty has bee 
found, which is dated Thursday, the fifth lunar day cf the dark half of Vaisakha, 
in Subhānu Samvatsara, Šaka year 726. Calculation shows that if Saka 726 
be supposed to be the expired year the 5th lunar day of the dark half of ‘amanta’ 
Vaišākha fell on Friday the 3rd of May 804 A.D. and by the 'pürnimànta' 
system, it fell on Thursday, 4th April 804 A.D. which shows that the date of 
the inscription would be confirmed if the *pūrņimānta” system be followed. 
The date cannot be verified if Saka 726 be regarded as the current year. 


JOVIAN YEAR IN SOUTH 


According to the system now prevalent in the South, the Saka year 726 
"would be Tàranasamvatsara whichisthe 18th ofthe series. But the inscription 
mentions Subhānu (the 17th) as the samvatsara. According to the true Jovian 
system of reckoning samvatsaras which are in use in Northern India (north of 
the Narmadā), the Subhānu samvatsara began on Saturģay, the 9th lunar 
«day of the dark half of Adhika Āsādha in (expired) Saka year 725, i.e. on 17th 
June 803 and the Tāraņa samvaisara, later on started on Wednesday the Ist 
lunar day of the bright half of Āsadha, 12th June, 804, which shows that the 

Subhānu samvatsara was current on the date oí the inscription. Jt would 
appear from this that the correct system of Jovian measure was in vogue in 
the South up to Saka 726 ; or at anyrate it was in vogue in the territ- 
ory on the banks of the Tungabhadra where this inscription was found. 
Such other instances are also available. The true Jovian samvatsara does not 
commence on the Ist lunar day of the bright half of Caitra and the system calls 
for the suppression of a samvatsara once in every 85 years. Ītis but natural that 
there should be a tendency to abandon this complicated system and to accept 
the simpler system of beginning the samvatsara along with the lunar or the 
solar year. jt may be due to this or to negligence in suppressing one year 
in 83 years that the system now prevalent in the South has come into vouge ; 
and it is evident that the luni-solar system must have come into vogue in the 
South at a time when the samvatsara according to the Southern system 


*See Indian Antiquary Yol. XJ, p. 126. 


JYOTISHA SIDDHANTA PERIOD 269- 


happened to be the same as that found by the true Jovian measure. Both- 
the systems gave the same samvatsara during the period from Šaka 743 to. 
827. Later on, the people in the north followed the system of suppressing one 
samvatsara according to rules and those in the South discontinued it, with the 
result that the Southern samvatsara began to lag behind. At the beginning 
of the Saka year 1818, the samvatsara in the South is the 30th, named Dur- 
mukha, while that in the North is the 42nd, called Kilaka. In short, the 
luni-solar samvatsara system came into vogue in the South from Šaka 827. 


PŪRŅIMĀNTA AND AMĀNTA MONTHS 


(Full moon ending and New moon ending months.) It has been already 
shown (page 33 of Part I) that in the Vedic period both kinds of month—full- 
moon ending and new moon ending—were in use. At present the system of 
full moon ending months is followed on the northern side of the Narmadā 
and that of new moon ending (amànta) months in the south. But for certain 
religious observancés like the holy bath of Kārtika, people in the South also 
follow the ‘pirnimanta’ system. The example of Saka 726 given above in our 
study of the sixty-year cycle will show that the *pürnimanta' system was in 
everyday use in the Deccan or at least up to the Tungabhadra. Instances of 
this sort belonging to an earlier period also are available. There is a copper 
plate inscription* of Madhavacarya (Vidyāraņya) the Minister of King Hari- 
hara, which contains the expression *at the holy moment of the solar eclipse 
on Wednesday, the Newmoon day of Vaišākha in Saka 1313". The solar eclipse 
and Wednesday, referred to in this, happen to be true only if Vaišākha is 
reckoned by the *pürnimànta' system and not by the 'amānta” system. This 


shows that in South India the ‘pirnimanta’ system was in use on some occa- 
sions even in the 14th century of the Saka era. 


Although it is true that the *pürnimànta' system of months is followed 
at present in northern India, the 'amànta' system is followed for naming the 
months and determining the intercalary month. Further description about 
this is made later on. It is needless to add that the consideration of pürnimànta 
and amānta systems is out of question where solar months are observed. 


- NAMES OF MONTHS AND INTERCALARY MONTHS 


Caitra and other names of months first originated with the names of Citrà 
and other stars, that is to say months began to feceive names from those stars 
near which the Moon becomes full. But it is not that the Moon always 
becomes full near the star Citrā in Caitra. It may become full sometimes 
near Citra, sometimes near Svati and sometimes near Hasta. Hence it was 
found necessary to make a rule in this respect that when the moon would be 
found full near one of a pair of naksatras, starting from Krttika-Rohini, the 
months should be named Kārtiķa, Mārgašīrsa and so on. In this grouping 
the months of Phàlguna, Bhādrapada and Āšvina had a triad of naksatras 
assigned to each. Even by following this rule sometimes a month receives an 
unwanted name. Thus, for instance, according to the Grahalaghava almanac, 
there was Sravana naksatra at the end of the fullmoon day of Āsādha of Saka 
1815. From this position the month ought to have received the name Šrāvaņa. 
It has been also found by calculation that even by supposing a naksatra 


MÀ 


ds of Savantvadi State, p. 287. 


e S. S. Mānādhikara, Verse 16. A more detailed exposition would be found in my 
sic eT welvevear cycle" in the January 1888 issue of the Indian Antiquary. 
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to consists of 800 minutes, the intercalary and suppressed months would 
occur quite often and that too not regularly according to a fixed rule*. Again, 
as the stars related to the nakgatras are not situated at regular distances, greater 
disorder would take place. However, this system may have .continued for 
some time by following the rule approximately, that is, by avoiding the fre- 
quency of intercalary or suppressed months and this system may have remained 
in use till the moon's motion was very accurately determined. The Vedānga 
Jyotiga gives tolerably accurate motion of the moon and from that time this 
mode of reckoning may have fallen into disuse. According to the Vedāūga 
Jyotiga system, an intercalary month occurs after every 30 months ; but it has 
been shown in our study of Vedanga Jyotisa that this rule also may have been 
soon discarded because it was not very accurate, and it might have been re- 
placed by ike system of introducing an intercalary month after every 32 or 
33 months. The Pitamaha Siddhanta mentions the system of inserting an 
intercalary month after every 32 months. ‘The (position of the) intercalary 
month could be correctly calculaied after accurate siddhantas like the Surya- 
Siddhauta of the Faticasiddhantika were compiled. The modern rule for 
naming the (lunar) month is to name that lunar month as Caitra in which the 
true Mesa Samkrārti would occur, to name that one as Vaišākha in which 
the true Vrsabha Samkranti would occur and so on. The lunar month in 
which no samkrānti would occur is to be treatd as intercalary and that in which 
two samihiantis wouid fail is ic be treue as ‘suppressed’. But we come 
across two kirids of definitions about them. One of them is :— 


aafaa ufaaft Fi ay Are: Wea Fis: daru: a aa: fakafana: n 


These lines are attributed to the Brahmasiddhanta. But they are not 
found either in the SiccLànta of Brahmagvpta or of Sākalya. ‘they are, 
however, found in the ‘Ka.amadhava’ by Maanavācārya (Vidyāraņya) and 
«the work be;ongs to Saka 1300 circa. ihe lines mean that the iunar month 
which erds when the sun is in Mega (Aries) is to be called Caitra (ali other 
moiiths are to be named similarly). if two lunar months are found ending 
in the same soiar month, then the second of them is to be called an intercalary 
month. (it is to be named according to the foregoing rule.) The second 
ruie is found in a work on Dlharmašāstra entitied *Kalatattvavivecana" +where 
it is attributed to Vyasa; it is as follows :— 


tantei TAIT AA AT | WIT Tet TRARA ATT ZTSRT SAAT: | 


“That lunar month at the commencing moment of which the sun is in 
Mina is to be called Caitra, and all the 12 months beginning with Caitra are 
to be named in this way.” 


All months except the intercalary and suppressed months receive the same 
name by both the rules ; but the names of intercalary months vary. Suppose, 
for instance, the Mesa Samkrānti occurred on the fourteenth lunar day of 
the dark half of a junar month, there was no samkrānti in the next month 
.and the Vrsabha samkrānti occurred on the 1st lunar day of the bright half of 
the 3rd month’; and the Mithuna samkranti occurred on the 2nd lunar day of 


*' The calculation is not given here for want of space. 


fThere is a copy of this work in the Ānandāšrama, Poona (No. 4413). The date of its 
compilation is Šaka 1542. 
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&he bright half of the next lunar month. As the first and the third lunar months 
«ended when the sun was respectively in the Mega and Vrsabha signs, they are, 
by the *Mesādisthe” rule to be named Caitra and Vaiéakha. Even by the 
**Minadistho" rule, these months had the sun's position respectively in the signs 
Pisces and Aries at the moment of their beginning ; they are to be called Caitra 
„and Vaišākha. The second month was a *non-Samkrānti”” month. It was, 
therefore, intercalary by either rule. However, as it ended when the sun was 
in Mesa (Aries), it received the name Adhika Caitra according to the rule 
‘‘Mesadisthe’’ and as the sun was in Mesa, when it commenced, it received 
the name Vaišākha according to the rule, **Minadistho". The second system 
is at present universally in use. By this rule, the intercalary month receives 
the name of the next month, whiie the first rule gives that of the preceding 
month. ‘That the system prevalent at the time of Bhāskarācārya was the same 
as at present is proved by the following observations made by Bhāskarācārya 
in his commentary on the verse ''Asamkrāntimāso....etc.”” from the Chapter 
on “Mean Motions". After first observing that a suppressed month is pre- 
ceded aud also followed by an intercalary month, each separated by 3 months 
on either side, he adds : “‘Formerly there was a case in which Bhādrapada 
was an iniercalary month, then Mārgašīrsa was declared a suppressed month, 
and it was again followed by an intercalary month which was Caitra". Simi- 
larly, the present system was prevalent at the time of the Kālamādhava also, 
since that work contains zhe statement of the intercalary months in the Saka 
year 1259, Isvara Samvatsara, was Sravana, which accords with the present 
system of naming the intercalary month. That intercalary month would 
have received the name Āsādha if the ‘Mesddisthe’ rule had been followed. 
That the ‘Mesadisthe’ rule was in force for some time is seen from a copper 
piate inscription. But more is given aboui it later. 


MEAN AND TRUE INTERCALARY MONTHS 


At present a month is declared as intercalary or suppressed from the sun’s 
true entry into a zodiacal sign. But it appears that the system of determining 
the intercalary month by mean motion was also in use at one time. The 
mean motion is always the same. Accordirg to that measure the intercalary 
month occurs after 32 lunar months, 16 tithis, 3 ghatis and 55 palas, that is 
sometimes after 32 months and sometimes affer 33. Again, as the leugth of 
ihe mean solar month is 30 days 26 gh. 18 pals and that of the mean lunar 
month is 29 days 31gh. 50 pals, two samkrāntis can never fall in one lunar 
month by the mean measure, and hence a suppressed month can never occur. 
The true motion of the Sun is never the same ; hence, the length of the true 
solar month always varies, and two solar ingresses sometimes take place in 
the same lunar month ; and hence, a suppressed month does occur. When 
in a particular year, there is a suppressed month, two intercalary months also 
occur in that year. By true motion, the minimum interval between two inter- 
calary months is 28 months* and the maximum is 35 months. There is a 
copper plate inscription of Dharasena IV from Khedā (Kaira), dated the 
second lunar day of (the second) Mārgašīrsa, Samvat 330 of the Gupta Valabhi 
era. The word 'second' in this clearly shows that Mārgašīrsa is intercalary. 
In the Guptavalabhi Samvat 330, Saka 570, Kārtika is found to have been 
an intercalary month by true motion ; but by the mean motion system and by 
the *Mesadisthe' rule Mārgašīrsa would prove to be intercalary. The fact 


*On rare occasions it is only 27 months. Jyaistha was intercalary in Saka 1311 and 
Bhādrapada in Saka 1313, 
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that Mārgašīrsa has been recorded in the inscription as intercalary cannot be. 
explained by any other theory. It follows, therefore, that in Gujerat, they 
used to determine the intercalary month by mean motion system and to deno- 
minate it by the "Mesadisthe' rulé in Saka 570. Some astronomical works 
too show that the mean motion system for determining the intercalary month 
wasinuse. The following i is an extract from Sripati's work Siddhànta Sekhara 
(Saka 961), cited in Jyotisa-darpana, a Muhürta work :— 


Weprp[adma4rpep agrā AAA 1 fam dud: e eaaa "HUP di 
mearga warfederat dnia a ouf arse | UD WEIS PES quare 
sra u 
areia N washes: aega wur Warfare) AIT di 
fazieeararai frc wem ST (eI eqearaa fg adifa: eme qq UT i 


This clearly shows that the system of determining the intercalary month: 
by mean motion was once prevalent. Bhàskaracarya has mentioned the: 
suppressed month. A suppressed month is not possible by the ‘mean motion” 
system. This shows thatin his time the system had gone out of use. It may 
have totally disappeared about Saka 1000. 


The English book, /ndian Calendar*, written by Robert Sewell and myself 
contains a list of intercalary months between 300 and 1900 A.D 
as calculated by the true motion system and those between 300 and 1100 A.D- 
as calculated by the mean motion system. 


INTERCALARY MONTHS, NORTH OF THE NARMADĀ 


Although in the present times, the months are reckoned as full moon. 
ending, intercalation and the names of intercalary months are regulated by 
the ‘new-moon ending’ system of months ; and: for this reason, the bright 
halves of (lunar) months receive the same name in both the regions while: 
in the north the dark half receives the name of the month next to the one 
current in the South. For instance, the Caitra bright half bears the same 
name in both the regions but the dark half known as Caitra Krsna in the 
Deccan is called Vaišākha Krsņa in the North, irrespective of when the sam- 
kranti occurs. But the following table would give àn idea as to how the. 
true system of full-moon ending months would operate :— 


S IŅ IEAARIAAUVIĀNĀĀ RU ESP EĻ LPNP EE EU T ir 
True Pūrņimānta Sun's entry "Half Suns entry | "True Amanta 
Iackening into Sign Months into Sign Reckoning 
i 1. BRIGHT 
PHĀLGUNA Mesa Ingress  CAITRA 
M 2. DARK 
TRA esa Ingress 
eS 3. BRIGHT 
INTERCALAR Y 
4. DARK 
VAISAKHA Vrsa Ingress 
5. BRIGHT E 
Vrsa Ingress VAISAKHA 
6. DARK 


JYAISTHA Mithuna Ingress 
7. BRIGHT Mithuna Ingress JYAISTHA 


This table will show that the system of true *pūrņimānta” months would 
not give an intercalary month in this case, because the sun entered a new sigan’ 
in each month ending with the full moon. But according to the amānta 


*This book was recently published in England, in June 1896. 
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month system, the third and fourth half-months constitute an intercalary 
month ; and hence the same would be regarded as intercalary in the territories 
to the north of the Narmadā. It is interesting to note that the intercalary 
month is preceded and followed by a half-month of the *šuddha” (i.e. a non 
intercalary) type. Thus in the above table, the second half is the *proper' 
(i.e. non-intercalary) dark half of Vaišākha, the 3rd and 4th halves belong to: 
the intercalary month, and the 5th half again belongs to the ‘Suddha’ (i.e. non- 
intercalary) Vaišākha Sukla*. This is the system at present in, use. But it 
„has been shown in our study of the Paficasiddhantika, that at the time of 
Varāha Mihira, that full-moon ending month was térmed Caitra, in which the 
Sun’s ingress into Aries took place, no matter whether it occurs in the bright 


or dark half. 
BEGINNING OF MONTHS 


: The beginning of a tithi and the ingress of the sun into a new sign may 
i"Occur at any moment of the day and the lunar and solar months actually begin 
‘dat these very moments respectively. But it is convenient for practical purposes 
O reckon the beginning of the month as from sunrise ; and hence, the lunar 
&'month is supposed;to begin on the day on which the first tithi is current at 
k sunrise. If the first tithi is current at the moment of sunrise on two consecu- 
" tive days, then the beginning (of the month) is supposed to have occurred 
; on the first of the two days. Different rules as regards the beginning of the 


X solar months are observed. They are :— 


an 1.(a) In Bengal, if the ingress takes place between sunrise and midnight, 
è „they observe ‘parvakala’ (holy period) on that day and begin the new month 


ü 


t 

t. 

‘the next day. If the ingress takes place between midnight and the next sunrise, 
t» the ‘parva’ is observed the next day and the month begins on the third day, 


(b) In Orissa, the months of the 'Amlī” and 'Vilayati' Sans begin on 
‘the day of the sun's ingress whatever be its time. 


(2). Two different rules are followed in Madras Presidency also. (a) In 
; Tamil country, if the ingress takes place before sunset, the month begins on 
* the same day; but if after sunset, it begins on the next day. (b) In Malabar, 
; if the ingress takes place before aparanha i.e. within the first three (out of five) 
;parts of the day' the month begins on the same day, otherwise on the next 


à; dayf. 
E 

3 The four rules have been deduced after studying the almanacs current 
>. dm these parts and from other information ; but it is not that there can be no 
* exceptions to them. Thus in a Tamil almanac for Saka 1815, published at 


. Madras, the rule observed was that the month should begin on the same day,- 
„If the ingress takes place before midnight, otherwise, on the next day. A set of 


*In order to avoid this apparent disorder of names, the month consisting of the 2nd 
„and 3rd halves, in this example, would be called first Vaišākha and that consisting of the 
4th and Sth halves called the 2nd Vaisakha. 
tIn a temple at Kannanur'a village 5 miles north of Srirangam near Trichinopoly, there 
is a stone inscription of Saka 1193. It has been proved that its date involves one of the rules 
mentioned in 2 (a) and (b) above. ‘See Epigraphia Indica Vol. HI, p. 10. 
19 
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(CHRONOLOGICAL TABLES is every year published under the authority of the 
CALCUTTA HIGH COURT. In the Table for 1882-83 A.D. the months of the 
Vilāyati San are shown to begin according to this rule. 


r 


PARTS OF THE PANCĀNGA 


Let us now consider the FIVE MAIN FACTORS of the Paūicāiga (almanac) 
Tithi (lunar day), Vāra (day of the week), Naksatra (asterism), Yoga (sum). 
and Karana (half tithi)-these are the five factors of the almanac. When the 
sun and the moon come together in the heavens, that is, when their longitudes 
are the same, the ''amāvasyā” (the 30th tithi) is said to end. Thereafter, 
as the motion of the moon is greater than that of the sun, the moon goes ahead 
of the sun. The time required by the Moon to gain 12? over the Sun is termed 
tithi (a lunar day) ; hence, during the period necessary for the Sun and the 

oon to come together again, that is, in a lunar month, there occur 360—--12— 
30 tithis. The time taken by the moon to go 6? ahead of the Sun is termed 
Karana. 'The days of the week are reckoned from sunrise to sunrise. Each 
part obtained by dividing the zodiac into 27 parts of 800 min. of are cach, 
and also the time taken by the moon to. cross the part, is termed Naksatra. 
Yoga is the time required for the sum of the longitudes of the sun and moon 
to increase by 800 minutes. 


WHEN DID THE FIVE PARTS COME INTO USE ? 


Our people are accustomed to making almanacs (Paūcāngas) from very 
ancient times. It would not be wrong to assume that the almanac has been 
in use ever since the people began to have a little knowledge of astronomy. 
It is obvious, however, that the almanac in use in ancient times could not have 
been exactly like the one of the present days. Instead of being quinquepartite 
as at present, the almanac may as well have been quadripartite, tripartite, 
bipartite or, so to say, even unipartite ; and they must have been 
imvarting the necessary knowledge verbally, before any script was invented. 
But something indicating astronomical positions must have been in use in 
some form or other from very ancient times. Let us now denote that form 
by the name Jyotirdarpana (Mirror of the Heavens). Even the Vedas ordain 
that certain rites should be performed on a certain day, or naksatra or in a 
particular season. From this it is clear that Jyotirdarpana is very ancient. 
Its first factor or part is the s@vana day. At present var (day of the week) has 
been substituted for the savana day. The knowledge of nakķatras developed 
after that of the sāvana day and then naksatra became the second factor. 
Later on there arose knowledge of the tithi. In the Vedānga-jyotisa period, 
about 1400 years before Saka, tithi and naksatra or sāvana day and naksatra 
were the only two factors used. The tithi lasts for about 60 ghatis; in a way 
it represents the day and night together. Similarly, the factor known as 
*karana' which represents simply a day or a night and which is equivalent to 
a half-tithi may have come into use very soon after the tithi, and the days 
of the week (the vāras) may have followed later. The Karana and Vāra have 
both been mentioned in the Atharva Veda. It has been shown before (pages 138 
& 139 of Part I) that Mesa and other names became current in our country 500 
years before Šaka. It has also been mentioned before (page 106 of Part I) from 
the evidence obtained from the Atharva Jyotisa and the Yājiavalkya Smrti that 
the days of the week came into use some centuries before the ‘Rasis’ (signs). The 
sunrise is supported by another work. In the appendix to the Rk-Grhya Sūtra 
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only the days of the week, and not the Rasis, have been mentioned along with 
the tithi, karana, muhūrta, naksatras, Nanda and other names of 
tithis, and dinaksaya (i.e. suppression of a tithi) All these three works 
were compiled before Mesa and other names came into use and it cannot be 
that they were all compiled at one time. This shows that the days of the week 
came into use at least some centuries before Mesa and other terms. The 
Vāras and the terms Mesa etc. might have originated at any place, but 
they could not have taken a very long time to spread, for there are no intricacies 
of calculation inthem. From thisit appears that the days of the week and the 
terms Mesa etc. did not come into use in our country simultaneously, irres- 
pective of the place where they originated. The days of the week may have 
been introduced in our country about 500 years before Mesa and other terms 
came into use, as mentioned before, that is, about 1000 B.S. (before Saka). 
They are at least not more modern than 400 B.S.* 


The time-unit of ‘karana’ would easily be suggested by the ‘tithi’. Hence, 
it must have come into use, soon after the tithi, but before the days of the 
week. Of the works belonging to the Vedanga period which have been cone 
sidered, only three, the Atharva Jyotiga, Yajiavalkya smrti, and Rk-grhya» 
parisista, mention the days of the week and only the Yājūavalkya Smrti fails 
to mention the karanas, while the other two do mention them. This show: 
that the ‘karanas’ may not have come into use before the days of the week. 
If it be a fact, both of them may probably have come into use simultaneously, 
or the karanas might have followed shortly after the days of the week. They 
are not more modern than 400 B.S.** 


The principle underlying the order of the names of the Varas, viz. Saturday, 
Sunday, Monday etc. has been already explained on (page. 138 of Part I). It 
shows that the time-unit called ‘Hora’ was responsible for it. Another principle 
that can account for the order of the names is that, if the lordship for ghatikās 
be given to moon and other planets in their ascending order then, starting 
with the moon as the lord of the Ist ghati on the first day, Mars would be 
lord of the 1st ghati on the next day, which means that the planet 5th from the 
Moon becomes the lord of the next day. The rule cited by Varaha, 


Hea way feum FART: |1 Yo tu . Soo 
g. fa, ANAIEI. 


in his Pafica-siddhantika, Trailokyasamsthàna, lends support to the suggestion 
that the lord of the day is the fifth planet (in ascending order). But no one hae 
advanced the idea of the lords of ghatikās just as Varāha and others have 
mentioned the lords of hords ; in other words, no one has sought to explain 
the order of the lords of days and the origin of the days of the week on the basis 


*The most modern date that can be assigned to the compilation of the Romaka Siddhāntā 
would not be later than the beginning of the Saka era. The Romaka Siddhānta was pre- 
ceded by the Sūrya and the three other Siddhantas, and these by the Jyotisa Samhita and 
the Samhitā by Mesādi names. 

Hence, the most modern date for the introduction of the Mesádi terms cannot be earlier 
than 300 B.S. The days of the week would then be antedated by at least a century. 

**The Mahūbhārata does not mention Mesa & other terms. Nor does it mention the 
days of the week and the karaņas which werē introduced earlier. Hence, the latest possible 


date that can be assigned to the Mahābhārata cannot be later than 400 B.S. The dates of 
the Rk-grhya-pariáista, Atharva Jyotisa and Yàjfiavalkya Smrti cannot be later than 300 B. S= 


19A 
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of the lords of ghatikās. Moreover, according to this assumption Monday 
becomes the 1st day of the week. But nowhere is Monday mentioned- as 
the first day. It appears from this that the names of the days of the week 
must have originated from the time-unit called korā ; and neither the time 
unit nor the name ‘hora’ originally belonged to us. 


The origin of the days of the week, associated as it is with the idea of ‘hora’, 
has a bearing on something much more important than that. It has already 
been shown before, that the lords of horàs are planets taken in the order, 
Saturn, Jupiter, Mars etc. Hence, he who determined the lords of the horàs 
definitely knew the order of the planets' orbits round the earth, viz. the Moon, 
Mercury, Venus, etc. which is a proof that they had considerable knowledge 
of the planetary motions. This is a very important fact in the history of 
ancient astronomy. Our works on astronomy mention the revolutions of 
planets in the order, Sun, Moon, Mars, etc. that is, in the order of the names of 
days, and not in the order Moon, Mercury, Venus, etc. If people had attained 
the knowledge of the order of planets according to their motions, before the 
days of the week came into use, the motions would have been mentioned 
in the order of Moon, Mercury, Venus, etc, and not as Sun, Moon and Mars, 
The fact that they are so given leads one to infer that the adoption of this 
order was due to the sense of importance or reverence inspired by the order 
of the names of days before the order of planets according to their motions 
was known. Another point is that the works on Jyotisa Samhitā describe 
in the Chapter on Graha Cāra (i.e. the courses of planets) the planets in the 
very order of the Sun, Moon, Mars, etc. Some Samhità works, at any rate, 
are more ancient than the Sürya Siddhānta and other works, and they do not 
exhibit such knowledge of planetary motions as would be sufficient for the 
creation of the scheme of the days of the week. These two facts, coupled 
with the exotic nature of the horā as a time unit, go to prove that the seven-day 
week is not an indigenous institution. 


The foregoing explanation implies that even if our people independently 
attained the knowledge of the order of planets according to their motions 
this knowledge had already been attained by foreign astronomers. 


The days of the week are only seven, wherever they are used on the earth 
and their order is everywhere the same. It shows that the scheme of the week 
must have originated at some common source. Some European scholars 
give the credit for it to Egypt, while others give it to Chaldea. Cunningham* 
writes, “Dio Cassius (200 A.D.) says that the system of the seven-day week 
belongs to Egypt. But the Egyptians did not divide a month into weeks of 
7 days each but into parts of 10 days each". It can be said, therefore, that the 
seven-day week did not originate in Egypt ; but the Egyptologist named 
Renouf, who is proficient in deciphering the script of that country and in 
the ancient languages, writes** in his book in 1890 that the horàs or horus 
were deities ruling day and night in Egypt. It appears from this that the word 
‘hora’ and the time unit denoted by it, was no doubt in common use in ancient 
Egypt. There is, therefore, the possibility of the week having originated there. 
The word ‘hora’ is now-a-days supposed to be Greek in origin. But Hero- 
dotus (5th century B.C.) writes that in fact, the time unit was received by the 


*Indian Antiquary, XIV, P. 1—4. 
**See this author's book entitled D/tarma Mimārņsā, *Bhautika Dharma", p. 127. 
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Greeks from the people of Babylon that is from the Chaldeans. It is not 
known if either of the two nations, Egypt and Chaldea, knew the order of 
planets according to their motions, and if so, which of them and who received 
it first. Hence, it cannot be said for certain where the seven-day week 
originated. They might have originated even in Greece. But they did not 
originate in any country other than these three. 


Regarding the use of the names of the seven days of the week in other 
countries, Cunningham writes*, *'Tibulus (a Roman) refers to a Saturday 
in 20 B.C. Similarly, Julius Fantinus (from 70 to 80 A.D.) remarks that 
Jerusalem was captured on a Saturday. lt appears from this that the Romans 
had accepted the system of the week about the beginning of the Christian era. 
But the Persians and the Hindus knew the scheme of the week at about the 
same period or even before it. Selusus lived during the reign of Augustus 
(27 B.C.) and Tiberius. He observes that the temples in Persia had seven 
doors named after the seven planets and the doors used to be made of those 
metals and colours which were loved by the planets**. 


Several copper plate and stone inscriptions have been found in our country 
and the earliest instance in which the day of the week has been mentioned 
belongs to Saka 406. There is a stone pillar at Eron in Central Province 
"which bears an inscription of King Budhagupta ; it refers to Thursday, the 
-]2th lunar day of the bright half of Āsādha in Gupta year 165 i.e. Saka 406. 
"No astronomical ‘human’ work is at present available which states, in clear 
terms, a period before this as the date of its compilation. 


WHEN 'YOGAS' CAME INTO EXISTENCE ? 


Keropant Nànà observes that it is not known what planetary position 
in the sky is indicated by the ‘Karana’ and that it is useful only in astrology. 
But*** it is not the correct view. The Karana is equal to a half tithi. Just as 
a tithi shows that the Moon has gone ahead of the Sun by 12 degrees, the 
Karana indicates an increase of 6 degrees in the elongation. In addition to 
this, as the Karana lasts for about 30 ghatis, it is a reasonable time unit. - What 
has been said by Keropant Nànà about the Karanas really holds good in 
regard to Viskambha and other 26 Yogas. A man is 20 miles away from 
Poona and ànother man is 40 miles away. The sum of the two figures comes 
to 60 miles. Butthis figure of 60 miles does not help us in finding the position 
of either of them- ; and it is my belief that the Yoga entered the Pancanga 
calculation several centuries after the other factors. The Paficasiddhantika 
«gives the methods of calculating the tithi and the naksatra, but it does not 
give one for finding the Yoga. Similarly, the Brharsamhitā has considered 
at length the effects of naksatras, but not those of the Yogas. I think, therefore, 
that the Yogas did not exist at the time of Varāha Mihira. Āryabhata has 
not given any method for calculating the tithis and naksatras, and hence 
nothing can be said about Yogas in his time. Brahmagupta has explained 
the method of calcuiating tithis and naksatras, and he has added there a couplet 
to explain the calculation of the Yoga. But the couplet occupies a position 


* Indian Antiquary, Vol. XIV, p. 1-4. 


** Our anc ent works also mention the metals like gold and the colours which are liked 
by different planets. It is well known that some people wear turbans of seven different 
colours on the seven days of the. week. 


***Planetary Tables, p..163. 
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between the 62nd and 63rd couplets in the author's copy of the work which 
has been made from the manuscript in the Deccan College collection. Even 
if it is left out, the remaining couplets would be in their proper order, because 
this couplet is unnumbered. Brahmagupta has remarked in the end of the 
second chapter in which it is found to-day, that the chapter contains 67 couplets. 
But if the couplet concerning yoga be included the total number woutd be 
68. Another point is that the couplet has no commentary by Prthüdaka 
and the edition with the commentary of Prthüdaka does not even contain 
even the bare couplet. In addition, it is to be noted that, while Brahmagupta 
has the terms tithi-naksatra-karana, in a group, at several places, nowhere 
does he include the word yoga in it. The references are as follows :— 


aaia fafaa a aaa n && ut 
sqrifcfeeétacrfasrierrerafufars rm 00 &e t 


SIEHT, 3 
ama «ret eer ar nRa fafana di 
amaid ar, at afa epena: 9: 0 & 1 
ud WeriarierferscoriareafspmaTmaNr i 3% N 
gear Vv 


Although the Brahmasiddhānta thus refers to naksatra-tithi-karaņa, in 
one group, at four places, but the word yoga is included nowhere. The 
Khaņdakhādya as extant at present gives a couplet describing the method of 
calculating the yogas, but that too is an interpolation like the above one. 
Albiruni has mentioned a number of things from the Khandakhadya, but 
has not mentioned any yogas*. He observes that the Karanatilaka gives 
27 yogas. Had Khaņdakhādya given a method of calculating yogas, Albiruni 
would not have failed to refer to the Khandakhadya in respect of the yogas. 
It, therefore, follows that the yogas did not exist at the time of Albiruņī. 


There are instructions in the Atharva Jyotisa as regards the rites to be 
performed on particular muhürta, tithi and karana. Butit does not mention 
any rites to be pérformed on any yogas ; and later on it is observed, 


aaa: araa fufzedifasen: N 
fifamas giaa freer: t 


This directs one to perform auspicious rites on certain 1 tithis, naksatras, 


karanas, and muhūrtas ; but no yogas are mentioned.. But the word yoga 
occurs in later verses ; , 


fana Naa TAA TACIT di 
araen: Tat: TT eaa 11 Čo N 
sfagni Naar gfterafratt ii 

Ae: TAT: WIT: N eg el 


But astrological works describe 28 yogas; depending on contributions 
of the naksatras and the days of the week, and the word yoga in the above 
verse might have been used in the same sense ; or else the verse may be an 
interpolation. The Rk-grhya-pariéista does not mention the yogas. 


*India, Part IL, p. 209. m 
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Lalla's Dhivrddhidatantra does mention the yogas. But the passages 
may be spurious or else the yogas might have come into common use very 
recently in those days in his province. The author therefore, feels convinced 
that the yogas did not form an integral part of the Paiicánga till Saka 600. 
In the couplets of Brahmagupta cited above, the word vyātipāta occurs twice ; 
but it is not one of the 27 yogas. It is one of the two mahāpātas, which occur 
when the Sun and Moon are parallel in declination. There is no doubt about 
this as can be seen from the context and commentaries. There is a crude 
method of finding the parallel in declination which is made use of even in 
worksón astronomy ; according to  isthmethod, the parallel occurs when 
the sum of the longitudes of the Sun and Moon is 6 signs or 12 signs, the first 
parallel being called Vyātipāta and the second Vaidhrti. In order to find 
this parallel it is required to find the yoga or sum of the longitudes of the Sun 
and Moon. This must have led to the idea of finding yogas by the sum of 
longitudes just as the tithi is determined by the difference cf longitudes. 


SHORTER NAKSATRA DIVISIONS 


The generally accepted length of the naksatra division is the 27th part of 
the Ecliptic or 800 minutes. But there was a syst em according to which some 
naksatras had half the usual length. some had the usual length and the rest 
had half as much more. Brahmagupta and Bhāskarācārya have referred 
to it as a system mentioned by Garga and others for astrological purposes. 
According to this system, the six naksatras, Bharani, Ārdrā, Āšlesā, Svati, 
Jyesthā and Satabhisak had half the normal length ; Rohiņī, Punarvasū, the 
three Uttarās and Visakhà—these six had 14 length, and the remaining 15 
had the normal length. 


Garga and Brakmasiddhānta methods 


Garga had adcpted 8CO minutes of arc as the measure (for a 
uaksatra) while Brat:magupta adopts 790’ 35” which is the mean motion 
of the Moon ; and following these assumptions, the Brahma Siddhānta system | 
has given 4? 14' 15" as the extent of the Abhijit naksatra, which is found thus : 
[minutes of 360°—(27 x 790' 35")]=4° 14’ 15". According to this system, 
Nārada has given the time measures of naksatras thus : 15 muhürtas (or 30 
ghatikās) for half-length naksatras, 30 muhürtas, for full length ones, and 45 
niuhūrtas for those 14 times long ; and they are correct when mean motion 
is adopted. This system appears to have been in actual use for some years. 
An inscription of Bhojadeva, king of Kanauj, kas been found at Devagarh, 
a place about 60 miles to the S.W. of Jhānsi ; which contains the following 
words : “On Thursday, the fourteenth lunar day of the bright half of Aévina, 
on Uttarā-Bhādrapāda naksatra, in Samvat 919-which is equivalent to Saka 
784." The naksatra is found to be correct only by the Garga or Brahmasi- 
ddhànta system ; and not by the usual* system of taking a naksatra asan 
arc of 800 minutes. Now-a-days, it is considered whether the diurnal naksatra, 
on which the Aries Ingress takes place, has the time measure of 15.30 or 45 
muhürtas, in order to decide whether it portends abundance or famine ; and 
the method has its origin in this very system. Further, it is also clear that the 
fact that the junction stars of naksatras are not situated at equal distances, 
may have led people to assume unequal arcs for the naksatra divisions. 


The question of the beginning of naksatra cycle has already been dealt 
with (page 266 ). 


*The author had g'ven a detailed calculation of this in the Indian Antiquary, January 
1888, page 24 and a detailed description of the system would be found in his article 
*"Twelve-year Cycle of Jupiter" in the same issue. 
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ALMANACS IN USE IN DIFFERENT PROVINCES 


Let us now see what kinds of almanac are in use in different parts of this 
country. The author has seen most of the almanacs current in the different 
provinces and has got them in his collection. On consulting these almanacs 
one may safely conclude in a general way that the same kind of almanac 
is current in all the provinces. They differ from one another to some extent 
in respect of the timings of tithi, naksatra, yoga and karana and this variation 
is due to the fact that the almanacs in use in different provinces follow the 
works of three schools : the Saura, the Arya and the Brahma Paksas. 


THREE SCHOOLS 


' Some information about the three schools, has already been given (page 1 10) 
The Grahalaghava (Saka 1442) refers in clear terms to these three schools. 
Gaņeša Daivajiia stated how a planet's position stands the test of observation 
if computed according to a certain school and actually adopted the positions 
accordingly in his works. He held that the Sūrya Siddhānta, Karaņa Prakāša 
and Karana Kwutühala.represented respectively the Saura, The Arya and the 
Brahma Paksa ( page 133). The Karana Kutühala was preceded by the 
Rajamrganka which was similar to it in all respects. These three schools 
are clearly seen in the Muhürta work entitled Muhūrta Martanda (Saka 1493). 
Similarly, Vi$vanathi and other commentaries refer to them at places. Astro- 
nomers who swear by one of the three schools are found even in the present 
times. The Vaisnavas regard the Āryapaksa as acceptable. According to 
Sudhàkara Dwivedi, the following statements (in favour of the Arya school) 
are met with in the "Krsņāmrta vakyàrtha;" a work of the Madhava sect :— 


fasaa safa RĪGA wp faespaarfe fafaa 4 fae wd 
graifa aineta UT Wd: | 
and also “aq uzfaagiau Ham TA aay.” 


Some stray sentences bearing a similar import were found in a Dharma- 
šāstra work entitled, Smrtyarthasdgara. lt appears that at the time of Gaņeša 
Daivajiia school-spirit ran high and therefore, he employed the ruse of decla- 
ring that he had taken a particular planet's place from a particular school, 
in order to please all the schools of his day. He could, otherwise, have taken 
them from some single work, adding necessary correction by means of some 
such remark as Aryah sesubhāgah $anih (that he had taken Saturn's place 
with an addition of five degrees, from the Arya-Siddhànta) or by, adopting 
some other mode of correction. The Rajamrganka belongs to Saka 964. 
The corrections devised by Lalla belong to a period 300 years earlier (The 
Karaņa-prakēša was compiled after applying them to the Āryasiddhānta). 
The importance of the modern Sūrya-Siddhānta must have come to be felt 
even in the times of Lalla. These schools, therefore, are very ancient. But 
with the advent of the Rājamrgānka*, their differences may have become more 
emphatic and given rise to a special attachment to one's school. If one 
habitually makes his calculations from a particular work, his descendants 
and disciples are bound to follow suit ; and it is but natural that they should 
begin to feel pride for the school to which the work belongs. It appears 


*An eatlier work of equal value has not yet come to my notice, if extant at all. 


JYOTISHA SIDDHANTA PERIOD Z8L 


that even a feeling of hatred may have been engendered among the followers 
of the three schools in certain cases. Really speaking the difference between 
these schools lies in the fact that the moments of solar ingresses and planets” 
ingresses differ ky some ghatis owing to the difference in the year-lengths 
and the moments of planentary ingresses into signs vary by some days according 
to the rapid or slow motions of planets because of the difference in planetary 
motions ; and it has been pointed out before, in our study of the Siddhāntas, 
that these schools receive only a nominal support from the siddhānta works 
by which they swear, for everytime an astronomer-observer noticed any varia- 
tion in the positions of planets as found by calculation, he devised some suitable 
corrections for basic original work. Hence, it is futile to entertain a false 
sense of pride in respect of any school. 


ALMANAC : ITS CALCULATION AND CIRCULATION 


The oldest almanac printed and published in this province Maharastra 
that has come to the author’s notice belongs to Saka 1753. It appears there- 
fore, that almanacs began to be published in Mehardsjre about that period. 
The almanacs which are printed in Bombay and Poona in the Marathi 
(Bālabodha) script, are all based on the Grahalāghava and the Laghu Cintā- 
‘mani. The ending moments of tithi, yoga and naksatra, in ghatis are found 
from the Laghu Cintāmaņi and the remaining calculation is done from the 
Grahalaghava. /n Konkan, the Brhat Cintāmaņi is used more often than the 
Laghu Cintamani. The timing of tithis, etc. as found from that work are 
- slightly more accurate. The almanacs of Bombay and Poona adopt 4 as the'pala- 
bha’ and 40 yojanas West as the *deSantara' (longitude). For several years the 
calculation for the almanacs printed in most of the printing presses used to be 
done by Aba Jošī Moghe of Bassein. From Saka 1798, his son Pāndurang 
Āba used to do the work. Since Saka 1818, his son Rāmacandra Pāndurang 
has been doing it. For several years past the almanac of the Nirņaya Sagar - 
Press is being compiled by Cintāmaņi Purüsottam Purandare Joši of Bassein. 
This almanac and the one compiled by Moghe and printed at Gaņpat Krs- 
nàj's Press contain figures only a little more accurate than those of other 
almanacs. In reality, however, all almanacs published in Bombay and Poona 
* are identical, and they are current practically throughout Maharastra. A 
number of booksellers told me that these almanacs are used by the Marāthī- 
speaking people in the Hyderabad State and also in border areas of Telangana 
and Kanarese territories. Sometimes almanacs are published at principal 
towns of some districts in Maharastra, which are also based on the Graha- 
laghaya. Even those printed at Belgaum and ‘Dharwar and in use in the 
adjoining territories, are compiled from the Grahalighava. Again the Graha- 
laghava almanac is used in the Vijapur and Karwar districts. It is in common 
use in the Beilari district of the Madras Presidency. The same almanac seems 
to be in use even in other Kanarese districts of that Presidency. Only the 
Grahalūghava almanac is in use in the province of Bercr and at Nagpur, 
Again, the almanacs which are at present published by the Governments of 
Indore and Gwalior States or under their patronage and which are used by 
almost all the people in those States are compiled from the Grahalaghava. 
It appears frem this that almanacs prepared from the Grakalaghava must be 
in general use in those areas where the Deccanis predominate or are in majority. 
The author has in his collection an almanac, printed at the Akhabare Saudāgar 
Press in Gujerati characters and in the Gujerati and Sanskrit languages. It 
has strong resemblance with the Mardthi almanacs published in Bombay. 
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It seems that all almanacs printed in Bombay and in use there and among the 
Gujerati-speaking people elsewhere must be similar to this one. One of the 
author's friends wrote to him from Navsari “No almanacs other than those 
published in Bombay are used here. The Bombay almanacs are in use also 
in areas around Surat”. A friend from Kathiawad writes, “Almanacs com- 
piled in Marāthī and Gujerati and published in Bombay are used in these 
parts. Those published at Ahmedabad are also in use.” This friend sent 
me an almanac for Saka 1810, printed in Bālabodha characters» in Gujerati 
and Sanskrit languages, and printed at the Union Printing Press, Ahmedabad. 
The positions of planets in it are calculated entirely from the Grahalāghava. 
The tithis and other parts also are probably prepared from the Tithi Cintamani. 
The Baroda State uses only the Grahalāghava almanac. One may safely 
conclude from this that almost the entire province of Gujerat uses the Graha- 
lāghava almanac. Formerly in all big cities the local astronomers used to 
prepare their own almanacs ; even to-day we come across some such instances. 
But as printed almanacs are now available at a moderate price, the manuscript 
almanacs have vanished. When formerly different astronomers used to 
compile almanacs themselves, it appears that some of them in. Mahdrastre 
ahd Gujarat may have been almanacs of the Brāhma and the Árya schools ; 
and we do come across references to this effect. Vi$wanàtha in his commen- 
tary on a Tajaka work remarks that in preparing an annual reading the sun's 
place should be calculated according to the school that was followed in casting 
the radical horoscope. The author of the Mukūrta Méartanda (Saka 1493) 
was a resident of a place near Devagad (Daulatabad). He has given in that 
work an example of a suppressed month in which he gives the calculation of 
the solar ingress and tithi, both according to the Brahmupaksa and Aryapaksa. 
It appears from this that almanacs belonging to the two schools and used to 
come to his notice in his province. Navasari friend writes that the local 
Jošīs prepare almanacs from the Brahma-mana-sárani, but do not print them. 
Other evidence also goes to reveal that the Brahmapaksa must be very pre- 
dominant in Gujerat. That Jo$1 almanac-makers are becoming extinct 
day by day on account of printed almanacs is indeed a serious loss ; but it is 
counterbalanced by a gain in another direction inasmuch as uniform almanacs 
are everywhere come into common use. 


An almanac known as Candu Paficéiga is in use among the Marwari people. 
It is compiled for the longitude of Jodhpur, the palabhā assumed being 6. 
There are a few almanacs of this kind printed in Bombay. The sun's place 
and the solar ingresses in it show that the compilers follow the Brahmapaksa ; 
and the ahargana which they give, is calculated according to the Karana- 
kutühala. But they also give shorter ahargana. The planetary places do 
not agree with those calculated from the Karanakutühala, and the tithi and 
other factors, also show a little variation. This shows that another work must 
have been compiled by applying corrections to the Karanakutühala and they 
appear to be compiling the Candu almanac on the basis of the new work. 


The Makaranda holds the field at Vārānasī, Gwalior and many regions 
in Northern India, and the almanacs based on that work are current among 
the people of those regions. (page 127). 


The author had with him a Siddhanta Paūcānga for Saka 1809, which is 
printed in the Telugu characters in Madras. It is prepared by adopting 34 
as the palabhā. This and the facts stated earlier, (page 260) clearly show 
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that it.is in use in the province of Telangana to the north of Madras. The 
moments of Sun's ingresses given in it show that it has computed the sun's 
place from the Sürya-Siddhànta. But the positions of other planets do not 
tally with those of Graha Lāghava or Makaranda almanacs. It is not yet 
known from what work they are calculated. They may have been calculated 
after applying some other corrections to the Sürya Siddhānta. 


Some almanacs printed in the Maleyalam characters were available at 
Cochin. It gives the moment of Mesa ingress in Saka 1869 as &gh. 57 pal. 
on Tuesday, the 5th lunar day of the dark half of ‘amanta’ Caitra. 


The moments are given below of true Mesa (Aries) Ingress as calculated 
from different works to show how far the three schools differ in timing the 
solar ingresses :— 


Moment in ghati-palas after mean sunrise at Ujjayini-on Tuesday, the th 
lunar day of the dark half of 'amànta' Caitra, Saka 1809 (12th April, 1887), 


gh. pal. 
Original Sürya Siddhànta 13 18 
Modern ds " 15 14 Saurapaksa 
First Ārya Siddhānta 7 31 Āryapaksa 
Karaņaprakāša 
Second Ārya Siddhānta 10 25 
Rajamrgahka, Karaņakutūhala 10 . 45 Brahmapaksa. 


As calculated from the Brahmasiddhānta, this ingress takes place at 54gh. 
46p on Sunday, the third lunar day of the dark half of Caitra, that is, about 
24 days earlier. But it has already been pointed out before that the Brahma-. 
siddhānta had gone out of actual use from about Saka 964. The moment 
of ingress, 8gh-57pl, given by the above-mentioned Malayalam almanac very: 
nearly agrees with that of the first Āryasiddhānta. The difference of 1gh-26p 
is due to such factors as longitude, ascensional difference, etc. It is evident 
from this that the almanac follows the Aryapaksa. The positions of some 
of the other planets given by it agree with the positions calculated from the 
Karaņaprakāša*. With regard to those which do not agree, the difference 
«is perhaps due to some different mode of corrections employed. From other 
evidence also it can be seen that the Aryapaksa is followed in those provinces 
of the Madras Presidency which speak Malayalam and Tamil languages. 
It is learnt that the local almanacs are prepared from a work named ‘ Vākya- 
karana'. I have not seen the work ; but there is not doubt that the almanacs 


are compiled with the help of that "work or from some other work following 
the Āryasiddhānta. 


The author got an almanac published in Calcutta. It cannot be clearly 
ascertained what work has been followed in it, but it:has adopted the year 
length given by the Sūrya Siddhānta. From this it appears that that His 
Sürya Siddhünta Year-length is followed in Bengal. 


*Although the author was not quite at home in the Telugu and Malayalam script, he 
gathered the above information from both the almanacs after reading them with great effort, 
and he was pretty sure that it is quite correct. 
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The work Paūcānga Kautuk (page 167)shows that in Kashmir, almanacs 
used to follow the Khandakhadya, for a good many years, that is to say up to 
about Saka 1580, and they may still be doing so. The Khandakhédya should 
not, however, be regarded as being preserved uptil now in its original form. 
The commentaries show that several kinds of corrections have been applied 
to it. The moments of ingresses calculated from the Khaņdakhādya happén 
to agree with that by the original Sürya Siddhānta and are nearer to those 
of the modern Sürya Siddhànta than other works. 


IMPORTANCE OF WORKS 


All things considered, one may say that the Grahalāghava and the Tithi 
Cintamani are the most extensively in use. Makaranda stands next place 
in respect of circulation, These three works have adopted the year-length 
of the modern S.S. The same length of the year is used in Bengal and Telan- 
"gana. .In other words, this measure is used by five-sixths (5/6) of the popula- 
tion of this country. In Marwar, the year-length of the Brahmapaksa is in 
use while that of the Aryapaksa has been favoured in the Dravidian and the 
Mdlabar provinces. That of the original S.S. is in use in Kashmir. Before 
printed almanacs came into use, astronomers in all the leading cities used 
to compile their own almanacs. In those days, almanacs belonging to diffe- 
rent Schools may, in certain cases, have been prepared by some ; but the 
details described above must have been mainly followed everywhere. They 
are being definitely followed at the present time. I have already described 
in detail in the chapter on mean motions, what Siddhànta works, Karana works 
and Sàrini works (on tables) had influence over the almanac-makers' business 
during the Jyotisa-Siddhànta period, together with the extent and period of 
their influence. 


» 


Verifiable new, almanacs 


„ None of the Nirayana almanacs current at the present time can stand 
the test of observation. So some very precise almanacs are being published 
now-a-days, which, it is claimed, are verifiable by observation. I propose 
to describe such almanacs below. 


THE KEROPANTI OR NEW PATAVARDHANI 
ALMANAC 


This almanac began to be published since Saka 1787. It has adopted the 
latitude and longitude for Bombay for calculation. The late Kero Laksman 
Chatre was its compiler and the late Abāsāheb Patavardhan was the sponsor 
of the almanac. For some years in the beginning, Keropant himself appears 
to have done the whole calculation. Later on, Abi Josi Moghe of Bassein, 
used to do the work under his guidance, and after the former’s death, his 
descendants are doing it. It is learnt that since the death of Keropant his 
second son Nilkanth Vināyak Chatre supervises the calculation work. 
Another son of Keropant and one of Keropant’s pupils are also said to be 
taking part in the work. Janārdan Hari Athale, proprietor of the Jaganmitra 
Press at Ratnagiri, takes great pride in this almanac and he,used to print it 
at his own expense from Saka 1791 to 1811. This almanac was at first known 
as the “Navin Paücanga"—(the New Almanac). At first, Aba Saheb Patavar- 
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dhan used to bear the expenses of the calculation work and now they are being 
borne by his descendants. Abd Saheb had a great liking for this subject. 
He had spent about three or four thousand rupees in purchasing some instru- 
ments and he used to take observations himself. It is true that the idea of 
- this almanac was originally suggested by Keropant, but it would not have seen 
the light of the day without the encouragement given by Abà Sāheb. The 
almanac came to be called “Navin or Patavardhanī Paficénga” since Saka 1799, 
as a tribute to the memory of Patavardhan. Since Saka 1812, Vasudeva 
Gaņeša Josi, proprietor of the Citrašālā Press, has been printing this alma- 
nac at his own expense. As the sale of the almanac is very limited, the 
publication is not self-supporting. If Āthale and Jogi had not undertaken 
the responsibility of printing the almanac, it would have become extinct long 
ago. But no one has ever publicly expressed gratitude for these service, 
nor even cared to declare the fact that they print it at their own expense. 


The Keropant's almanac is different in two ways from the universally 
used almanacs in our country. The first point of difference, is that in this. 
almanac, the equinoctial motion has been taken to be the actual value viz. 


50... seconds of arc, and Saka 496 as the Zero precession year because in that 


. year the equinox coincided with Zeta-Piscium, the junction star of Revatī ; 

naturally, therefore, the length of the year adopted is the actual length of the 
sidereal year viz. 365*-15*- 22P- 53*. Consequently, the figure for ayanāmšas 
for any year should be the distance of the equinox from the junction star of 
Revati. The ayanāmšas in the beginning of Saka 1808 have been taken to 
be 18*17'.* The second point of difference is that the positions and motions 
of planets in this almanac being quite accurate, the phenomena like eclipses, 
conjunctions of planets, etc., are found to agree with observation**. The 
almanac is prepared with the help of the English Nautical Almanac. Because 
of this fact and also because the English almanac which is extremely accurate 
agrees with observed results, Keropant's almanac can naturally claim the 
same degree of accuracy. These almanacs will be further considered in our 
study of the question of almanac reform. Keropant has not prepared any 
Marāthī or Sanskrit book which would be helpful in compiling the almanac 


of this sort. Venkate$ Bāpūjī Ketkar has recently compiled such a work 
(pages 179, 184). 


DRIGGANITA PANCANGA 


Raghunathacarya*** of Madras began its publication from Saka 1791 
(page 182). It is compiled from the Nautical Almanac. It is printed 
both in Dravidian and Telugu characters, which shows that itis very much 
in demand in those parts. It is called the $iriya (short) almanac. It is learnt, 
that when Raghunāthācārya was alive he used to compile a periya (large) 
edition of the *driggaņitapaūcānga”. The author got the shorter almanac 


*Taking into consideration the position of the star Zeta Piscium, the most accurate 
calculation shows that the ayanāmšas, in the beginning of Saka 1808 ought to be 18*17/10".. 
"Patavardhan's almanac is erroneous by 10 seconds. 


* *The times of heliacal rises and sets of: planets sometimes do rot tally but this is due to 
quite a different reason. The question has been considered later on in the chapter on ‘Rise 
and Set’. 


***Cintàmani is the surname of Raghunāthācārya. According to Nate Sastri, 
he was a resident of Kābānģalam, a village situated 8 miles to the East of Kāncī. 
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for Šaka 1818 (current Kali year 4998) printed in Dravidian characters, which 
is compiled by Venkatācārya, son of Raghunāthācārya. It has given in it 
the moment of the Nirayana Mesa ingress in Saka 1819, as 52 ghatis 43 palas 
on Sunday the llth April 1897. The true Mesa ingress calculated from the 
Sūrya-Siddhānta comes to occur about the samé time. (The difference is 
very small) It appears from this that it has adopted for its ayanāmša at 
the beginning of the Saka year 1819, an arc of 22°15’ which is the difference 
between the sun's longitude as calculated from the Sürya Siddhanta and the 
Sàyana place of the sun (at the moment of the Nirayana Ingress), as obtained 
from the Nautical Almanac. It seems that the almanac has adopted the latitude 
and longitude of Madras. 


BAPUDEVA’S PANCĀNGA 


Pandit Bāpūdeva Sastri recognizes the importance of the sāyana system. 
About 1863 A.D. he had delivered a lecture in English on the scientific character 
of the sāyana system, which has been printed. Although he appears to be 
convinced of the fact that the sāyana-paūcānga is scientific, he began to compile 
from Saka 1798 a nirayana almanac and publish it under the patronage of 
the Maharaja of Varanasi. In doing this he was apparently prompted by 
the desire to satisfy those people who follow the nirayana paficinga, for, in 
the Introduction to the almanac he writes, "I am urged to compile an alman ac 
under instructions from His Highnessī Svariprasid Narayana Simha Baha dur 
of Kasi 1............ Although it is the sāyana system which is really the superior 
system, I have prepared this nirayana tithipatra (almanac) for the satisfaction 
of the public, since in India the nirayana system is everywhere followed”. 


Bàpüdeva's almanac is prepared from the English Nautical Almanac. 
Its calculations are based on the latitude and longitude of Kasi. He observes 
that the ayanāmšas adopted are equal to the difference between longitudes 
of the sun as obtained from the Sūrya-Siddhānta and other works and its 
accurate sāyana longitude. A comparison of the sāyana place of the sun 
in the Nautical Almanac and that taken by Bāpūdeva in his almanac shows 
that he has taken about 22?1' as the ayanāmša for Saka 1806. This year, 
the Sun’s entry into Mesa, according to the Sūrya-Siddhānta, takes place, 
at 305*-26? after sunrise on the horizon of Kasi, on Friday, the first lunar 
day of the dark half of amānta Caitra. Bāpūdeva's almanac has given it 
as at 31% -12? on the same day. This moment is in advance of the Sürya 
Siddhanta by 46 palas, but it does not agree with the figures obtained from 
any Other Siddhanta ; it is evident that he has taken the sun’s place according 
to the Sūrya-Siddhānta and not used according to any other Siddhānta. The 
difference of 46 palas must be an error. When he had a controversy with 
Keropant, Bāpūdeva stated in the columns of the Jayadn Prākāša of Poona, 
dated 14th June, 1880, that the sun’s place should be taken as obtained from 
the Sūrya-Siddhānta, He has, however, added therein that it should be the 
mean position. The sāyana position of the sun, as calculated from the 
Nautical Almanac for the moment of the sun’s entry into Mesa according 
to the Sūrya-Siddhānta comes to 22° -0' -31”, and the figure which ought 
to be taken as ayanāmša must be so much. Since Bāpūdeva had adopted 
22°-1’-0" as the ayanāmša, it is clear that he has taken the true place of the 
sun and not the mean place in his almanac. Some disciples of Bāpūdeva 
have continued the publication of the almanac after him even to this day, 


~ 
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Bapiideva’s almanac differs from other almanacs only in one respect 
The positions and motions of planets given in the almanac are very accurate 
and are seen to agree with observation, because it is prepared from the 
Nautical Almanac. The ayanāmšas, however, show a little difference ; but 
in fact it is no difference. The adoption of the difference between the sun's 
position as calculated from the Sürya-Siddhànta and that obtained from the 
Nautical Almanac as the ayanāmša, in a way, amounts to the adoption of the 
year-length of the Sūrya-Siddhānta. We shall revert to this almanac later 
when we study the question of almanac reform. 


OTHER PRECISE PASCANGAS OF THE NIRAYANA SCHOOL 


. Two more precise Paficahgas of the nirayaņa school calculated from the 
Nautical Almanac have come to the notice. Both of them have been prepared 
on the nirayana basis.  Sundare$var Srauti and Venkatesvar Iksit 
from Tiruvadi in the Tanjore district, have been publishing accurate solar 
almanacs since Saka 1798 in Tamil characters. The almanac for Saka 1815 
has given 22^10' as the ayanamsa which is almost equal to those adopted 
by Raghunāthācārya for the beginning of Saka 1815. In that year, the 
sun's entry into Mesa takes place at 51*?-31? on Tuesday. An association 
known as Jyotistantrasabhá appears to have started in Tiruvadi. Its Chairman 
,Cidambaram Iyer, has written a small book entitled HinpU ZopiAc. He 
.Observes in it that this almanac is published at Kumbhakona under orders 
of the Šamkarācārya. 


An almanac named Ajit Prakāša prepared for Saka 1818, by astronomer 
" Rürmalla, under orders of Ajit Simha, Chief of Khetadi State in Rajputana 
has come to my notice. It appears to have been published for the first time 
this year. It has adopted 22°11’ as the ayanāmša at the beginning of the year. 
‘It has been prepared from the Nautical Alamanac, and the latitude and 
longitude of Khetadi have been adopted for calculation. The latitude has 
been mentioned as 28° and the longitude in time has been given to be 3 pals 
„west of Ujjayini. 

THE SĀYANA PANCĀNGA 


The sun actually begins to turn northward or southward 
on the very days, on which, as shown in all the almanacs 
current in this country, the length of the day begins 
to increase or decrease ; and the same thing is actually observed in the 
sky. Any thoughtful layman would naturally wonder why the almanacs 
‘do not mention the phenomenon of this change of course as occurring on 
those very days, and why the Makar and Karka Samkrantis shown as occurring 

about 22 days later. The sāyana paficinga which is published these days 
owes its origin to such enquiring spirit and the investigation that followed 
it. THE THREE, Lele, Janārdan Balaji Modak and the author, are the origi- 
nators of the almanac. The idea of publishing the sāyana almanac struck 
each of them independently. But it was Visàji Raghunāth Lele who really 
blazed the trail. When Keropant  Chatre, started making improvements 
in the almanac and began to publish an almanac with the help of Aba Sāheb 
Patavardhan, Lele thought that a complete and thorough reform of the 
almanac was more desirable than half-hearted piecemeal improvements, and 
that Keropant Nana was equal to the task. Lele then launched a campaign 
of criticism against Keropant's almanac in 1872 (Šaka 1794) through the 
columns of the Indu Prakasa. In the beginning he got a letter published 
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in that paper in the name of one Govindrāo Sakharàm and suggested inter- 
alia ihat the tropical year should be adopted, if any reform of the almanac 
was to be carried out. Keropant retorted: “I am not the only fcllower 
of the nirayana almanac. ‘here are, people, from one end of the country 
to the other, who follow it. Let any one of them deal with your objections, 
and if no one does so, I will join with you". For several years’ however, 
Keropant did not reply. Lele was all the time pursuing the subject through 
the press under the pen-name “Sphutavakta Abhiyogi’ (Candid Com- 
batant). He still hoped that either Keropant, or Bāpūdeva who expressed 
merely lip sympathy for the Sāyana system, would start publishing the sāyana 
almanac and it was his heart-felt desire that either of them should receive 
the credit for such achievement. But Bāpūdeva started the nirayana paficaüga, 
About 1880 A. D. when Keropant and Bāpūdeva were engaged in a controversy 
in the columns of the Jūyān Prakāsa, on the question of year-length and 
ayanamsa, Lele appealed to both of them to adopt the sāyana system but 
it was of no avail, Keropant observed in reply to Lele that though the sāyana 
system was correct so far as the scasons were concerned, he did not ap rove 
of the idea of compiling the almanac according to that system. And in the 
course of this reply Keropant blurted out certain views bordering on defiance 
of Dharmásastra though in his “Introduction” to the Patavardhani alnianac he 
used £o declare that the almanac aimed at enabling people to perform religious 
functi.ns at the time prescribed by Dhdrmašāstra. Lele, therefore, gave 
up the controversy. At about the same time, as also later on, Lele, Mcdaka 
and the author wrote a number of articles on the sayana almanac in the 
‘Arunodaya’ news paper of Thana. As the editor of the paper supported 
our cause, the sayana almanac could appear in the paper in fortnightly instal- 
ments in Saka 1804 and 1805. Later on, the patronage of H. H. Tukojī Rao. 
Holkar could be secured through the efforts of Krsnarao Raghunāth Bhide 
and the sāyana paficanga could be published in proper form from Saka 1806, 
and the publication continued for four years while the monetary help also was 
received.. His Highness Tukoji Rao died in Saka 1808 and thepatronage came 
to an end, and no further help could be secured in the absence of any pain- 
staking person like Bhidein that circle. Still, Lcle published the almanac 
for four years from Saka 1810, almost at his own expense. Since Saka 1813, 
the author has been publishing it in the same way. J. B. Modak died by the 
end of Saka 1811 and Lele in Saka 1817. The fortnightly instalments of the 
almanac for Saka 1818 are being published by the editor in the issues of the 
Arunodaya. The calculations for the almanac were done by Lele in the first 
year. Those for Saka 1805 were done by all the three of the makers. During 
the neat 13 years the author has been mainly responsible for the calculation 
work and general supervision of the almanac. Unlike Patavardhanī almanac, 
no one pays for the labours of calculation ; not only this, but the printing 
charges also have to be borne by them, since the circulation of the almanac 
is very limited. 


While His Holiness Samkaracarya of Dwarka, the head of the Sarada 
Matha, was in Lashkar, Gwalior, in Saka 1815, V. R. Lele submitted to him 
different almanacs, including the Grahalaghava, those by  Patavardhani, 
Bapiideva’s and the sāyana one, and requested him to give his decision as 
to which almanac should be regarded as acceptable. Then His Holiness 
considered the matter from all points of view, published an all-India ordinance 
recommending the use of the sayana almanac. The ordinance is as follows :— 
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n sirarmetar fasmaddtm4 a 


e ATT 
draft faena 
STATE seus 
Waly ATATTATHS 
BIGHT ETAT 

dix Wg | 


IEEE CEIECHSCIEIPCOEECIEDE COE AAT TAT Cea EE OS 
ALATA AT AAA ST CAL EAT ATA eNOS T TTS TR TT GT g 
ATT g TTT ATT TET [TAT ATS Bia 
asfauranaferartsadafafasttam aar aas TA gg: 
ATHSAM AS ITAA Ty eT ARTA HS TT ETE SA Ta FT a a- 
THUS TA AAMAS THT TAT fsa enfant TTT sep TST 
ard Tea ACh VATA pe faac THAT ATT AT LETTS T- 
NATH TS TTT TART TATA: 


frragtfesfatera fraa raia AAT: SUHTSTTWEdTISH T H- 
gasaat aa venaga aaa amna reus qi gR- 
aaqa mge agaaa TAMA GAM AT AAT: a AHA ifa- 
BEA AS aTe A SIAM SMA aaar aaa a ērtās 4 scq i 
aaan. ATTA: aT aaa aa faai era Taura gara vfasiu- 
agarga ia core a aaraa aaa a aaa a ara TET A ER- 
aaaea aafaa aaa aANT- 
qaragan aa Aga amaaa aena aA aana a xara ra. 
enfe 
adaa rena rana Ta faa MTT al a aaa AT TAMIR di. TTUT- 
mfia — gUgnugner faa aana aaa aaam 
R RTT: 
ATT fargen aafaa ETAT aa aah af v a feas- 
qataqa quiera Raana wu equat ETTE, 
aētātudzamgukafagagmg asa maaa aaa fananga- 
qaqa wadane a frestdsufgrmamamui? ai saaa ada: [UT 


gakatt gdaitufag atta atao sfaserraensiavafatu aeqftata: 
1 DGO/69 20: 
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sad fe wmafrcraimdtPareaoeadieaifaqurearetee edfasit- 
andaga KAT fg dari qa: qus afcaferaria Teri frgrrammfiu ozfi:- 


areawearerdar qa fa mia as eaque epa meum afea- 

PRTHATT ATH TAT AAT feri TTT TAT TART OTA IE ATT TA ETA 

Te Terre faa cara rifa TATA TAT gta esramrenfa- 

AIA SAUNA Kada ATF TTT. 

faiaga afea ili jaks S E E E 

alaaa «fa p ga maaa: afa Aaa faar ana TAIT 

qafa AT TA AA aa aga Aaaa fafa Raa | aafe- 

fnn RNAAR faufü enana fiafia 

faan. 

. ARAR ANRA AARTE: RIKI GIHPIEUTICRHD c 

fesrc PAL (EVE TH 454% (AÂ qo TATW ) 

(AIT HH RRE) — si 

Lele himself received a letter (No. 218), which may be summed up thùs :— 
“With regard to your. elaborate petition concerning the controversy centring 
"round the sāyana-nirayaņa almanacs, I have to inform you that on weighing 
all the evidence, I find that the nirayana almanacs should be taken as ex- 
tremely doubtful, since they do not give thé correct time for performing the 
rites ordained by Sruti, Smrti and Puranas. As the sāyana paficánga recommen- 
ded by you gives the proper times, this Samsthan of the Jagadguru, declares 
that the Sāyana Paficanga should be regarded as a suitable almanac for perfor- 
ming religious rites’”-——-——(signed) Šaņkarācārya, on Saturday, the 2nd 


lunar day of Phālguna, Samvat 1949, the Avatār Saka 2362, Camp, Lashkar 
Gwalior*. 


There is a twofold difference between the orthodox almanacs and the 
sāyana almanacs. The first is that the sāyana almanac adopts a different 
measure for the year length, and the ayanāmšas are always zero. The second 
difference is that being prepared from the English Nautical Almanac or the 
French Connaissance des Temps (Knowledge of Time), the positions of planets 
given in it are always correct and verifiable by observation. 


The almanac adopts the latitude and longitude of Ujjayini as the basis of 
its calculation. 


STUDY OF ALMANAC REFORM 


The calculations of the popular almanacs, such as the Grahalāghava 
almanac, do not agree with observation ; hence it is necessary that they 
should be rectified. Of the almanacs newly introduced during the last 30 
years, six very precise almanacs have been desribed ; all of them, except 
the Sāyana Pañcāħga, are nirayana but even these do not adopt the same 
ayanāmša figure. The writer being of opinion that instead of adopting the 
nirayana system the almanacs should follow the sāyana system, he proposes 
to enter into an analytical discussion of the two systems. 


+The originals of both the letters are in the possession of. Mr. Lele. 
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Characteristics 


The definitions of the sidereal (nirayaüa) and the trpical (sāyna year 
have already been given ( page xxxii of Part.. I ). The siderel year is longer 
than the tropical year by about 51 palas. But the length of the year adopted 
by all our astronomical works is greater than that of the tropical year by 
aboact 60 palas. Some point of the Zodiac must be adopted as the initial 
‘point to indicate the places of planets. The initial point of the zodiac, 
*according to our asttoromical works, coincided with the vernal equidox in 
*Šaka 444 ; and as the length of the year adopted by our works greater thian 
‘that of the tropical year by about 60 palas, the position of the initial point is 
‘wdvancing by about 60 seconds (of arc) every year with respect to the vernal 
guinoz* The distance between the equinox and the position or the initial 
"hoint, as obtaieed form our works, is called ayanāmša, The phenomenon 
fof the percession of equinox was first known from the shifting of the ‘ayanal, 
point, The displacement cf the ,ayana‘-point in degrees is the ‘ayanamsa‘. The 
"same term came to ba applied to the shifting of the equinoctial point. in 
(degrees. If the position of a planet reckoned, by taking the eguinox as the 
Hnitial point lt includes the *ayanāmšas* and hence the position is termed 
*sāyana' (inc usive of (*ayanām$2s' ; and it it is reckoned from the initial point 
assumed by our astronofüiual wosks, it is devoid of ayanāmšas, and hence it 


vas termed *niryae (exclusive of ayanàmáas). 

` Study of Ayaņāmšaas 

z According to the Grahaldghava, the ayanāmša in Saka 1809 comes to 
422"45", According to Rāja-Migārika and other works following the Bráhura- 
"$5aksa and the Karaņa Prakāša following the Atyapaksa, it comes to 22°44’. 
s4According to Sfirya-Siddhānta it amouts to 20749" 12". The Makaranda 
walmanacs and those current in Bengal appear to be adopting the same 
Ramount, Similarly, calculatiors made from sāyana ingresses given in the 
* Telangi almanacs descrised before show that they also adopt this amount of 
žayanāmša, But this amount involves a bigger error than the one involved in 
Padopting 22°44” or 22°45”, The Tamil and Malayalam territories of the 
& Madras presidency adopt an ayanāmša equal to that of the Grahalāghava. 
* Similarly the Pancānga Kautuka and other works show that, in Kashmit they 
n adopt the ayanamé equal to those adopted by thc Grahalāghavaa. The mom- 
"ent of Mesa-ingress is the beginning of the solar year. Hence, as remarked 
ķīn the course of our study of ayanāmša niarayana almanac should adopt 
i that figure an the ayanāmša which in equal to the true sāyana longitude of 
the observed sun at the moment of the true Nirayana Mesa-ingress, calculated 
K'according to the wo1k, on which the almanc is based ; and this will make 
the moments of the solstitial and equincctial positions conform to abservation 
* The moments of solar ingress in to Mesa, obtained for Saka - 1809, according 
‘to difierent siddhanta works have been given ( page 283 ) before. The arcs 
t obtained by calcu ating the position of the tropical sun at those momenet 
from the French Almanac or the English Nautical almanac, represent the 
„ayanāmšas which ought to be adopted so as to be in consonance with the 


; length of the year assumed by different works ; these arcs of ayanāmša 
are. given below ;— i , ; : 


x 


2According to acount calculation made form the length of the year adopted b he 

a . > . E . pte d 

Surya Siddhanta itis advancing by 58. The point has been dealt "with in detail in OUT 
Study of ‘Ayana Caļana.* 


If the mean longitude of the sun be taken into account, the ayanamsa for Saka 1809 


as obtained from the morden Surya-Siddhanta ooul others’ 
world show a corresponding increase. ould be 22 18 44, and those for 
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Ayanámsa it 


Saka 1809 
Original Sürya-Siddhànta . | . se. c A25 d'" 276" 
Modern Sürya-Siddhanta  . m . s wee WA. ux. 2137 
First Árya-Siddhànta, Karana Praká£a . . 21 55 418 
Second Ārya-Siddhānta ] . 21 58 382 
Rajamrgaika ; Karana Kutühala S M : 21 58 57.8 


The Grahplághayc has adopted the same length of the year as the Sürya- 
Siddhànta and the ayanāmša calculated on this basis, come to 22°45’, But 
they should be 22?3' as shown above, which means that there is an error of 
about 42 min, of arc. The sāyana longitude of the sun, as calculated on the 
basis of (the ayanāmšas of) the Grahalāghava, differs* to that extent from 
the sayana sum calculated from the Nautical Almanac. 


Bāpūdeva's almanac is compiled from the Nautical Almanac ; and it 
correctly shows the ayanámáa for Saka 1809, to be ‘about 22?4^, as calculated 
above, since he has adopted such a figure for ayanām$a as would satisfy the 
definition of that term given by Bhāskarācārya and others, (Page 218) viz. 
that **ayanaméa is 3he difference between the tropical longitude of the sun and 
that obtained from the Sürya-Siddhànta at the moment of the sun' ingress 
into Mesa”. Keiopant's almanac has given the ayanāmša (18° 18’ for Šaka 
1809) in accordance with his view that ayandméa is the distance of the vernal 
equinox from the star Revati (Zeta Piscium). As for the Sāyana Paūcānga 
the eguinox itself being the initial point there is no necessity whatsoever 
to adopt any ayanāmša, The remaining three ofthe above mentioned six 


almanacs show neany 22°3’ as the ayanāmša and the figure is no doubt 
correct. 


Sı 


4 


“It has been been mentioned before ( page 213 ) that during tke time-intecl between 
the year-length of the Sürya-Siddhànta and the length of the tropical yezr, the tropical sun 
moves 58”.8 ; and hence 58'.8 or 58”.6 has been recommended for adoption as ayana- 
motion, this is quite precise. If 58”.7 be assumed as the motion, and reverse calculation 
be made from the above ayanārņia for 1809, the zero-precession year of the Sürya- 
Siddhanta would come in Saka 457. Teh Saka year 450 found before ( page 217 ) was 
arrived at by taking into account tne correction due to secular equation and the variationà 
in the equation of centre. 


JYOTISHA SIDDHANTA PERIOD 293 


Definition and nature of the Sayana and Nirayana Almanacs 


The above circle represents the ecliptic. V is the position of the vernal 
equinox, A that of the autumnal equinox, and Z is the position of the star 
Zeta Fisctum at the present time (about Saka 1818). Z stands at a distance 
of about 18°26’ from V. S, is the sun's position at the moment of the apparent 
entry of the Sun into Mesa according to the Sūrya-Siddhānta and other works. 
N and S are the winter and summer solstitial points. Point Z is fixed. The 
equinoctial and solstitial points have got a retrograde motion and it is the 
same (about 50" per year) for all these points. As the length of the year 
adopted by our astronomical works is greater than the actual length of the 
sideral year by about 8.6 palas, their initial point, viz. point S, in the above 
figure, is not stationary. In other words, point V moves backward with 
respect to the point Z at the rate of 50 55 secords per year while point S, 
moves forward by 8.5 seconds. ( page 219). 


Tekirg the vernal equinox as the initial point, the ecliptic is diviced into 
12 equa! parts called *Sāyana Signs’ and again into 27 equal parts, called 
‘Sayana Neksatras*. Because the equinox moves, the sdyana signs and 
naksatras also move. When Revati or any other star is supposed to be at 
the beginning of the ecliptic, the 12 or 27 equal parts of the ecliptic based 
on such intial point are called fixed or Nirayaņa Rāšis and Naksatras. The 
terms “fixed and moving’ are found in our astronomical works. This expla- 
nation wili enable one to understand the nature and definition of the sayana 
and nitayana almanac. Keropant’s almanac is compiled on a purely 
nirayana basis. The year-measure taken for Bapüdeva's almanac and those 
compiled from our astroncmical works does not agree with the actual length 
of the sidereal year. But the ayanāmša adopted by them are in conformity 
with the length of the year they have adopted. Hence, the planetary positions 
shown by them are exclusive of ayanāmša and there would be no harm, there- 
fore, if these be regarded as ‘nirayana’ ard the rāšis and naksatras in them, 
as nirayana rāšis and nakgatras. Similarly, because the length of their year 
is greater than that of the true sidereal year, their initial point does not remain 
fixed ; eil the same it was the intention of all the Siddhāntas that it should be 
fixed or stationary, since they have assumed fixed longitudes for stars for all 
time to ceme. Hence, the 12 or 27 equal parts measured from the initial 
point of cur Siddhàntas are also fixed rasis or naksatras. 


Correct Planetary positions obtcinable by any system 
Tke six modernized (accurate) almanacs referred to above differ from 


those fcilewing the old methods in one respect. This difference lies in the 
fact that three of them give planetary positions agreeing with observation. 


*Some people raise the ebiection that it is improper to apply the attribute "Sāyana” 
to such terms as Ràsi, "Nakgatra, month and the paficatga. There has never been any 
objection to applying the adjective 'Sayana' to the position of planets ; and Bhāskārā- 
carya and cthers have applied it accordingly. Then why should there be any objection if 
the signs end naksatra divisions which are formed with respect to sāyana Positions 
of planets, be called sāyana ? Similarly there would be no harm if the almanac, which 
is compiied according to the sāyana system or related to the sāyana planets be called 
*sayana almanac” for the sake of brevity. It is only a technical term. In the course 
of the debate held at Indore over the question of the sāyana almanac, some quibbler 
remarked that since. the word ‘sdyana’ is a ‘Bahuvrihi’ compound intended to serve 
as a qualifying or subordinate term, the sāyana Paficānga too is a subordinate matter. 
"The contention, that the term Sāyana Paficaüga is incorrect, is equally absurd. 
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Let us first consider the point. No matter what system the almanac follows, 
it is expected of it that the times of the occurrence of eclipses, the conjunctions 
of planets with other planets or stars etc., should be verifiable. If one’s 
calculation goes to show that a particular planet would be seen at a particular 
place, at a particular time, it must actually appear so when observed through 
the telescope. Any one will admit that only in that case the almanac would 
be acceptable. In order that these things should be verifiable by observation, 
the calculation of the almanac must be absolutely accurate in two respects. 
Suppose, a man who was.at Poona at a particular moment is proceeding to 
Bombay. If the rate of his speed is correctly known, as so many miles per 
hour, the time when he will be in Bombay can be correctly calculated ard it 
will be verified by actual experience. Similarly, if the positions of planets 
at a particular moment and their motions be correctly known, the place where 
the planet would be found at a particular moment can be correctly predicted 
and it will prove to be accurate, irrespective of the initial point frem where 
the distance of the planet is reckoned. Suppose that point Z in the above 
figure (Page 292) is at a,distance of 18° from V, point S, is at 22° and 
^point S at 90°. On a certain morning a planet was situated at V. It 
is moving towards S, and is known to be moving at the rate of 1" per day. 
Then one can say that it will reach S 90 days after it was seen at V, 72 days 
after it reached Z, and 68 days after it reached S, and this will be found to 
be true. If V be taken to be the initial point and the time when the planet 
comes there, be regarded as the moment of the beginning of the year, then the 
planet will be said to have covered a distance of 90° in 90 days after the 
beginning of the year. Similarly, if Z be supposed to be the initial point it will 
be taken to have reached a position 72? away in 72 days after the beginning of 
the year, and if S, be the initial point, a distance of 68? in 68 days irom the 
beginning of the year. In other words although its positions and th» times 
of reaching them may appear to be different relatively, they are, as a matter of 
fact, always the same in regard to absolute time. Out of these points, V is the 
initial point for the sāyana system, Z, that of Keropant’s purely nirayana system 
and S, that of the traditional nirayaņa system. From this it is clear ihat so 
far as the accuracy of planetary positions is concerned, the almanac of any 
school can always stand the test of experience provided the astronomical 
works from which they are computed give correct planetary motions and 
accurate planetary positions for the chosen epoch. As the epochal positions 
and motions of planets in our works are not correct, our astronomers are 
prepared to correct the old works without altering the initial point of the 
ecliptic, and any sensible man will admit that rectification to that extent at 
least is absolutely necessary. 


The phenomena of eclipses, conjunctions of planets and the heliacal rising 
and setting of planets depend upon the distance between two celestial bedies. 
Hence, they can be correctly calculated if only their epochal positions and 
motions are correct, irrespective of the question what point has been adopted 
as the initial point. Many people think, as the author used to think before 
be understood the theoretical aspect of this subject, that Keropant’s almanac 
is correct because, it gives accurate moments of eclipses ; and this is being 
advanced as the main argument for accepting the almanac ( Introduction 
to the almanac). This is very facile for hoodwinking ignorant people. Com- 
pilers of the sāyana almanac do not attach-much importance to such claims. 
In the introduction to the sāyana paficātga for Saka 1807, it is remarked 
that as the nirayaņa system is unscientific and the sāyana system is scientific, 
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the sāyana almanac should be accepted ; and if there is no means to calculate 
accurate positions of planets, a sāyana almanac should be compiled at least 
with the help of the Grahalāghava. Another argument usually put forth 
is that the naksatras are correctly obtained by following Keropant's almanac ; 
but it is not wholly true. It is quite possible to ensure the correct positions 
of naksatras even by maintaining the initial point adopted by the present-day 
almanacs. This point will be again discussed later. The only thing which 
must be stressed here is that whatever initial point is adopted for stating the 
positions of planets, if correct motions of planets are known, the positions 
of planets obtained from them will be found to agree with observations ; 
and the accuracy of the motions and positions of planets which is the main 
point of difference between the old and new almanacs is universally recognised 
as the most essential feature of the required data. 


W hat is the Actual error in the Grahalāghava and other almanacs ? 


It is desirable to know the extent of the actual error occuring in the calcu- 
lation of tithis, planets etc., in the almanacs following Grahalāghava and other 
works. It shall be demonstrated here. Keropant's almanac and the five 
other modernized (accurate) nirayana almanacs, as also the sāyana paficanga 
mentioned above are at present compiled from the English Nautical Almanac 
or from the French Connaissance des Temps (Knowledge of Time). But 
their initial points are different from one another or from that of the Graha- 
lāghava. It will be found from the explanation already given above with the 
help of a diagram (Page 292) that the actual extent of the error occurring 
in the Grahalāghava almanac cannot be estimated simply by comparing 
it with other almanacs. A Grahalighava almanac has been attached to the 
sāyana almanac for Saka 1808 ; and it is accompanied by a third almanac 
which is a modernized (accurate) nirayana almanac ; it has been already 
seen by many. The portion for the bright half of Phalguna from the Graha- 
lāghava and ihe modernized nirayana almanac has been given in Appendix 

at the end. The modernized or accurate nirayana almanac has adopted 
the same amount of ayanāmša as the Grahalāghava, (22°44' for Saka 1808). 
The Grahalāghava has adopted the length of the year laid down by the 
Sūrya-Siddhānta. If on this basis, 22°2’ had been taken as the ayanāmša, 
the error occuring in the Grahalāghava almanac would have been exactly 
detected. However, the actual error, can be found out almost exactly even 
from the almanacs given in the appendix. Both the almanacs are calculated 


for the meridian of Ujjayinī and the time in ghatis and palas in both has been 
reckoned from the mean sunrise. 


This will ensure a correct comparison when tithis are compared. We find 
the duration of the 9th lunar day of the bright half of Phalguna, falling on 
Friday, as given by the Grahalāghava almenac, is shorter than that given by 
the modernized (accurate) almanac by 13gh-45pal ; and in the case of the 
dark half (which is not shown in the appendix), the sixth lunar day is longer 
by 13gh-59pal. In the Grahalāghava almanac, the duration of Mrga naksatra 

~on the 9th lunar day is shorter by 15g%-24 pal, and that of the Priti yoga as 
at the same time shorter by 17gh-23pal. The duration of the tithi, naksatra 
and yoga in ghatis does not generally err by more than this. The error reaches 
the maximum at about the 8th lunar day of the dark and bright halves ; and 
is minimum at about the full and new moons. The reason for this is tha 
the correction for the equation of centre for the moon’s place at the lunation 
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as found from our works is not very erroneous (pages 246 and 247). 
Midway between the lunations the error in the moon's longitude amounts 
some-times to about 2° and sometimes even 3°. This causes so much varia- 
tion inthe ghatis showing he duration of tithi, naksatra and yoga. Our 
works give about 2*10' as the maximum equation of centre for the sun, 
while the European tables give it as 1°55’ for the present time. On account 
of this, the sun's place is some- times found to be correct but sometimes 
in error by about 15 min. of arc. According to our astronomical works 
the minimum duration of the tithi is 54 ghatis and the maximum is 66 
ghatis. But according to the Nautical Almanac these measures are 50 and 66 
ghatis respectively. (This variation is due to the variation in Moon's place). 
This gives rise to a sómewhat greater number of suppressed and duplicated 
tithis and naksatras in the almanacs calculated from the Nautical Almanac. 
During the 12 months in Saka 1809, the Sāyana Paücanga and the 
Keropant's Paficanga gave 16 suppressed tithis and 10 duplicated tithis, 
while the Grahalàghava Almanac gave 13 suppressed and 7 duplicated tii ‘his. 
In the modernized nirayana almanac for Saka 1808, the suppressed naksatras 
number 10 and the dupli? cated ones number i3, while those in the 
Grahalaghava number 9 and 12 respectively ; the part of the Grahalóghava 

almanac for the bright half of Phalguna reproduced here shows that the 
error ir the position of Mars is 1*1', that of Jupiter 3°26’, of Venus 
1°6’, of Saturn 2°40’ and of moon’s north Node (Rāhu) 4l'. The error 
does not generally exceed these values. Mercury's place in the dark half 
is wrong by 3°31’. The error is sometimes found to be as much as 9°. 
The main reason for this divergence is the difference in the values of mean 
places according to the two systems. Similarly, it is partly due to the 
difference between the vaiues of the equations of centre and the annual 
parallax. We have already discussed the question relating to the eiicrence 
between ihe equations of centre (page 244). 


Certain phenomena such as planetary conjunctions and the heliacal rising 
and setting of planets whereby the difference between the Sayana almanac and 
the Grahalaghava almanac, can be easily realized by an observation of the sky, 
have been given in the column headed SASTRARTHA (scriptural speciality, 
Phenomena etc.), in the fortnightly portion of the almanac given in the appendix. 
A list of such phenomena for the whole year is given in the Sayana almanac. 
Many people have verified that the calculation of these phenomena as given 
in the Sāyana almanac is correct while that in the Grahalāghava almanac 
proves to be wrong. Such a list for Śaka 1808 has been given in appendix. 
It has been verified by experience. The Grahalāghava almanac for Saka 
1806 had not shown any lunar eclipse in Caitra, while the sayana and other 
e nirayana almanacs like that of Keropant had shown lunar eclipse 

“grastodaya” (i.e. moon eclipsed at the time of rising). Again according 
16 the Grahalāghava almanac for Šaka 1814, the lunar eclipse occurring in 
Vaisakha was to end before sunrise ; while the sāyana and other modernized 
almanacs had shown the moon as setting inan eclipsed condition. On both 
these occasions, the phenomena as given by the sāyana and other modernized 
almanacs were confirmed by observation. Whatever applies to the Grahalā- 
ghava almanacs regarding visual proof or observation, applies with equal 
force to almanacs compiled on the basis of Makaranda, and other works in 
other provinces. In short, the almanacs in current use all over our country 
“do not appear to be correct in the light of observation of heavens. The motions 
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‘and positions of planets used by them must, therefore, be rectified. In other 
words, correct works must first be compiled in order to prepare the ground 
for correct almanacs. The history of astronomy which is given at the beginning 
of this part will show in various instances that our tradition favours the idea 
of applying corrections to older works while compiling new ones, the object 
being to ensure the agreement of calculated figures with the observed facts. The 
same process must be adopted to-day. This suggestion is acceptable to all, 
including even the orthodox astronomers. 


Acceptability of the sàyana and nirayana systems 


Let us now consider the second point of difference between the old and new 
almanacs, viz. the length of the year and the corresponding variation in the 
ayanāmša figures. When this point is to be cosidered the sáyana almanac 
stands on one side and all other nirayana almanacs, including the orthodox 
ones and the new ónes like that of Keropant, stand on the other. So the ques- 
tion to be considered is which of the two systems is acceptable-Sāyana or 
Nirayaņa ? The question will have to be considered in its FOUR 
ASPECTS : logical, historical, religious and practica. 


Preamble 


In the beginning, one or two facts must be'noted for the proper understanding 
of the subject. The day on which the ‘day’ and the ‘night’ are of equal iength 
is called the equinoctial day. On the days when the sun comes to either of the 
equinoctial points, it would transit the points ‘V’ and ‘A’ in the diagram 
(page292) and the equinoxes will then occur, and when it moves 
away from the equinoxes to a distance of three signs, it reaches ‘N’ and ‘S’ 
and brings about the ‘solstices’. All the four points have the same rate of 
displacement as the precession of the equinox. Hence, the equinoctical and 
solstitial positions and the lengths of day and night depend upor the sāyana 
place of the sun. The sun moves in the northern hemisphere from his position 
at the vernal equinox to that of the autumnal equinox ; and it is in that very 
period that in our country the length of the day is greater than 30 ghatis, a nd 
the following seasons occur : part of Spring. Summer, the Rains and part of 
Autumn. Apart from the fact that the beginning and end of these seasons 
vary a little in the case of particular places due to special reasons, the above 
fact holds good as a general rule. Hence, even the seasons depend upon the 
sáyana position ofthesun. In our country, we have the spring season when 
the sun comes to the vernal equinox and the rainy season has just set in, when 
the sun reaches the summer solstice irrespective of the stellar naksatra to 
which the sun may come. Modern astronomy has discovered that the equinox 
makes a complete revolution through the steller zodiac. The nirayana Ašvinī 
naksatra division and the Mesa sign began from the equinox about Šaka 444. 
According to the formula, that lunar month is to be termed Caitra in which the 
sun transits the first point of Mesa. The first point of the current nirayaņa 
system is 22° and that of the Keropant’s system 18° to the east of the equinox. 
As time passes, it is bound to move three signs away from the equinox, i.e., 
if will coincide with the summer solstitial point. When it shall have shifted 
so far, the sun's ingress into that point will no doubt coincide with the rainy 
season ; and as the sun would then be reaching the initial point of the Nirayana 
Zodiac, it would be the moment of Aries ingress and by formula, the month of 
Caitra. It is an indisputable fact that in course of time, the nirayaņa Caitra 
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will fall in the rainy season. It is now-a-days a fact of actual observation 
that the equinoxes and solstices occur 22 days, corrosponding to the 22? of 
ayanaméa, before the sun enters the nirayana Mesa, Karka, Tula or Makara 
and this fact has already been mentioned in the Siddhānta works. Bhāskarā- 
cārya, in the chapter on true positions in the Sid. Siromani, says, 


fagara aan saadaa Fa vafe 11 
AHHH GBT SAT OW VM N 
fa. far. eser. 


Even then, the Josis (almanac-makers) whose study does not go beyond 
the Grahalaghava, do not understand this. Even among other people there 
are very few who understand this. In this province almanacs based on Graha- 
lāghava mention the winter and summer solstices as occurring on the days of 
the sun’s entry into the (nirayana) signs of Capricorn and Cancer, and not 
22 days earlier. How astonishing it is that even the Keropant’s almanac 
now-a-days shows the solstices against the days of the sun’s ingress into the 
nirayana- Capricorn and Cancer of that almanac, that is, 18 days later than 
the day they are actually seen to occur in the heavens. Itis not less astonishing 
to note also that Bāpūdeva omits the ayanas (Solstices) altogether. The 
Camdū almanac gives the correct days of the ‘ayanas’, a matter which puts 
other compilers to shame. It mentions even the entry* of the sun into all 
the 12 sāyana signs. The Siddhāntic almanacs of the Madras side show all 
the sāyana-samkrāntis (solar ingresses) by terms like *'Mesāyanam, Vrsāya- 
nam", etc. An almanac for Saka 1758 in manuscript form and compiled all 


Bijapur has come to the notice, whereir all the 12 sāyana solar ingresses have 
been denoted as Mesāyana etc. 


The Sdyana System 


The system adopted by the compilers of the siyana-almanac (Lele, Modak 
and the author) is as follows :— 


The year adopted is tropical. The first naksatra division reckoned from 
the equinox is termed ASvini, and the first sign so reckoned is Mesa, irrespective 
of any star occupying the part ; following the same principle the solar ingresses 
are determined from the sun’s entry into the sayana (tropical) signs, and the 
lunar months receive their names on the basis of these ingresses. Thus the 
lunar month in which the sun enters the sāyana sign of Mesa, which is the 
same thing as the sun’s coming to the vernal equinox, is to be called Caitra 
and so on. By this system, the spring season will always be found to occur in 
Caitra, the rain will be starting on the Ardra naksatra, and consequently all 
the seasons will continue to occur regularly in the months assigned to them. 


Logical Aspect 


Let us first consider the question of the acceptabiity of the sāyana and 
nirayana systems from the logical point of view. Just as the sunrise is the 
natural means for measuring the day, the fullness or invisibility of the moon for 
measuting the month, so the cycle of seasons is the natural means for measruing 


: *The author has a copy of Camdü almanac for Šaka 1806. It has indicated solar 
ingrosses in nirayana signs by such words as ‘Arka in Mesa, Arka, in Vf$a, etc, and those 
into sayana signs by the words **Bhānu in Mesa, Bhanu in Vrsa”” and so on, using two synet 
nyms for the Sun (Arka and Bhānu) for the saxe of distinction. 
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the year. The seasons are caused by the Sun. If the seasons had not been occur- 
ring, the year as a unit of time would not have come into existence. Hence, 
the year must be reckoned by a solar measure, and because, the seasons follow 
the sàyana positions of thesun,the year must be reckoned on the tropical basis. 
Moreover, the seasons do not complete their cycle during the period of twelve 
lunar months, and hence, an intercalary month has to be inserted. If the 
intercalary month is not inserted, then all the seasons will be found to occur 
successively in Caitra, during a peiod of 33 years, just as the Muslim month 
of Muharram moves through all the seasons during 33 years. Hence, the 
object of inserting an intercalary month is nothing else but to see that a 
particular season should always occur in a particular month ; and because the 
seasons depend upon the sāyana positions of the sun the adoption of the system 
of intercalary months virtually means the acceptance of the sayana system in 
principle. Just as, if the intercalary month is not inserted, ail the seasons will 
be successively occuring in any one of months, they will successively occur in 
the same month during a period of 26000 years if the sidereal year is adopted. 
For instance, if the Spring season occurs at a certain time in Caitra, Sumiaer 
would begin to occur in that month after 4.25 thousand years, the rainy season 
after 8.5 thousand years and winter after 17 thousand years. If we insert sn 
inercalary month to prevent the dissociation of seasons from the months 
assigned to them we must accept the sayana system to forestall the irregularity 
which is bound to cccur undoubtedly, even if it does so after the lapse of many 
many years. 


Historical Aspect 


These two facts ought to suffice as proofs of the acceptability of the sayana 
system. Let us, however, see what tradition has to say in the matter. The 
tropical year is a natural one. Hence, ever since man began to use ‘year’ as 
the time-unit after the creation of the world, the tropical System must have 
come into vogue ; and it has been explained in detail in the Conciusion of 
Part I that it actually did come thus into vogue and was prevalent during most 
of the Vedic period ( page 141 of Part I). In the beginning they must. 
have been reckoning the year from the cycle of seasons by inserting an inter- 
calary month, before the terms Madhu, Madhava etc. became current, which 
means that the sāyana system itself was in use in somewhat crude form. Later 
on when the terms Madhu, Madhava etc. came into use, the measure of the 
*sāyana' year may have become fairly accurate. This measure later on con- 
tinued for centuries till the names Caitra, Vaišākha etc. became current. The 
foundation of the nirayana system was laid about 2000 B.C. when the terms 
Caitra, Vaisakha etc. were introduced, (page 132 & 140 of Part I). According to 
Vedanga Jyotisa the year began at the beginning of the Dhanisthas. This 
is a nirayana measure. But it mentions at the same time that the year began 
with the winter solstice. Now, while the stars in the vicinity of the sun are not 
visible, even an ignorant person can more easily tell when the winter solstice 
occurs rather than when the Sun reaches the beginning point of the Dhanisthās. 
This shows that in actual practice they must have been starting the year at the 
beginning of the Ayana (Solstice) itself. The system prevalent in the Vedānga 
Jyotisa period was very erroneous, as has already been pointed out before 
(page 93 of Part 1). Hence, it seems more probable that the system must have 
been kept in working order by inserting 35 instead of 38 intercalary months 
during 95 years and by beginning the year at the time of winter solstice. This 
means that the tropical year enjoyed the vogue for all practical purposes, 


^ 


300 HISTORY OF INDIAN ASTRONOMY 


Most of the works compiled in the Vedánga period mention the year as begi- 
aning with the Spring. So then during the Vedāħga period the sāyana year 


was accepted for practical purposes orat any rate it was intended to be se 
accepted. 


Let us now cosider the system in use during the Jyotisa siddhānta period. 
The Sürya Siddhànta contains the following lines :— 


want falaa qua 11 aaa Wa wu. fare aT: 6 gi 
adata daifafgdad feat ga: n Adaria g wendet fades 11 cu 
artist: TAIT STMIT FHT TTT LATA Trn aTa 11 E n 


HINTETT. 
"(7) On the hub of the wheel of naksatras are situated pairs of equinoctial 


„and solstitial points, placed regularly. These are the four main (famous) 
iransits of the sun. 


($) In the interval of each pair are situated pairs of two samkrantis known 
as Visņupadīs. 
. (9) The period of six months known as Uttarayana begins from the moment 
of the sun's transit into the sign of Makara (Capricorn) ; similarly, the period 
ofsixmonthsknownas Daksinayanabegins from thesun'stransitinto Cancer". 


Chapter on measurements. 


Here the words Cancer and Capricorn’s ingress must be taken to be ‘sayana’ 
‘since, otherwise, the words ‘‘Winter solstice occurs at the sun's entry into Capri- 
corn" would carry nosense. Now one might argue that these.are the views 
expressed at a time when the shifting of the ayana points was not known. 
Even accepting this as correct, the above verses suggest that two *ayanas” 
make a year. This assertion and the next verse given below shows that the 


sāyana system itself was acceptable to the Sürya Siddhanta. The verse runs 
thus :— 


fetifārarat aatadifu farce: FIAT stead aramāta qp WL 2o d 


Meaning:—'The winter (fisira) and other seasons are formed by 
groups of two months, each beginning from it (i.e. Capricorn). These are 
the twelve months beginning from Mesa. They make a year”. 


This defines the year as a cycle of season comprising 12 months. Thus the 
Sāyana system was acceptable to the Sürya Siddhànta in principle. Again, it has 
been shown in detail in our review of Brahmagupta's work (pages 83 to 85) that 
Brahmagupta held that the solar year commenced or the equinoctial day, 
which obviously means that he preferred the tropical year. Further more, 
the length of the year adopted by our astronomical works is greater thar that 
-of the true sidereal year by about 8 pals. Hence, it cannot be said that the 
year must be necessarily sidereal. As the star with which the Sun is conjoined 
is not visible, it would be easier to determine the length of the tropical year 
than that of the sidereal year ; and it is more probable that, just as Brahma- 
.gupta determined the length of the year from thc Sun's conjunction with the 
equinox, the earlier astronomers also may have dctermtned it in the same way ; 
4n other words, it seems to have been their object to accept the 
sāyana year measure in principle. Hence, although the ultimate result 
.amounted to the adoption of the sidereal year or something very akin to such 
adoption owing to the fact that the terms Caitra, Vaisākha etc. became current 
"during the time between the end of the Vedic period ana the time when the 
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shifting of eguinoxes became known, and that the adopted year measure was 
rearer to the sidereal than to the tropical year, th: re is no doubt the object 
of the ancients was definitely to adopt the tropical year. Ana it was but 
natural to have such an object in view, for no one would like to ses rainy 
season occurring in Caitra. : 


Our people came to krow about the correct rate of the shifting of the 
solstitial points in the 7th century of the Šaka era (page 220). Eminent 
astronomers like Bhāskarācārya lived curing the period that followed and 
it is true that they did not abandon the nirayaņa system even though they 
could have known the effects of adopting it. It appears that they could not 
venture to adopt the sāyana system, because they feared that the rejec:ion of 
the traditional nirayana system would cause a confusion in every day affairs 
by disturbing the system which was in use continuously. The reasons in 
those aays also did not stow any appreciable variation, while they have 
actually mentioned when the solstices ana eguinoxes really occur. Again, 
most of them thougkt that the equinox does not make a complete revolution but 


an oscillatory motion. They appear to have failed to adopt the sāyana 
system for this reason also. 


The stucents of European astronomy have now come to know that the 
equinox makes a complete revolution. Let us therefore, consider the views 
of the present astronomers. Of the two well known astronomers who lived in 
this pericd, Bapudeva and Kero Lakshman Chhatre, the views of Bapudeva 
have already been cited above (page 286). He has stated that although 
the sāyana system was the supreme system, he had compiled the almanac by 
the nirayana system because it was in use all over the country. In addition 
to this he also expressed the view that astronomers living seven or eight cen- 
turies later would devote due consideration top the question. Let us now 
see what Keropant's views are. A controversy over this question took place 
in 1883 A.D. between Keropant and the followers ofthe sāyana system through 
the Arunodaya newspaper of Thana. He writes in the issue of the Arunodaya 
dated the 4th November, 1883, “As regards niy own opinion, the most reason- 


able method cf mesuring the motions of moving bodies to compare 


their positions with those of stationary objects ; to compare them with other 


moving bodies is not right. The sun,* moon, planets, equinox etc. all have 
motion. In oraer to determine their positions, they must be compared with 
the stars as they are fixed. But in order to ensure an easy process or in special 
cases where there is some difficulty, this method is to be discarded and the 
motions of other moving objects are to be determined with respect to objects 
which are also moving. For example, although the stars are fixed........... 
we have to take an imaginary Sun moving at the mean rate of motion in order 
to determine the beginning of the «ay. From this point of view, as the seasons 
depend upon the moving equioxes, Í am myself of opinion that it is desirable 
to begin the year with respect to equinox. Still, the prevailing tendeney is 
not to practise anything if it is contrary to convention even though it is pure 
or rational. Has anyone ever considered which of these systems is wrong, 
which is easy and which is complicated, or which is scientific and which is 
unscientific ? We follow the system which suits the occasion." In this 
statement of Keropant, most note-worthy thing is his admission that although 
the seasons depend upon the equinoxes, that is on the sāyana position of the 


sun, the fear of breach of convention stands in the way of adopting the tropical 
year. 
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In 1893 A.D., an article on the question of the sāyanā-nirayaņa system 
had appeared in two issues of the Kesari of Poona. A part of it is quoted 
here. Prof. Tilak, the editor of the Kesari wrote, “Seasons depend upon 
the position of the equinoctional point It must be the month 
of Caitra, if the spring season commences when the sun is in Ašvinī........ 
After 2000 years (Spring) will begin on the first Junar «ay of bright half of 
Phalguna........ After 4000 years it will begin from the. first lunar day of 
the bright half of Mágha.........."It is evident from calculation, that 
. if the present nirayana system be allowed to continue, the rains will set in Caitra 

as time passes on. There is absolutely no doubt about it. The quotations : 
bave been given from the writings of mathematicians like Keropant and, Tilak 
in order to convince even those who have either no leisure to enter into 
cacies of calculations or who are not well grounded in matherratics. 


Keropant and Tilak hold the view that the present nirayana system should 
be allowed to continue in a modified form. : Hence, their admission about 
the validity of the claims made by the compilers of the sayana almanacs, in 
respect of seasons particularly, carries weight. 


Keropant and Tilak have Suggested a way for maintaining the nirayana 
system ; but it is not acceptable. More about it will be given later. 


Ārdrā, the first Naksatra of the Rainy Season , 


Some people think that the beginning of the rains has been permanently 
linked with the sun in Mrga naksatrā ; they do not uncerstand how they wil 
ever begin with the sun in Ašvini. But 1400 years ago, Mrga was not at all 
_ the naksatra indicating the: advent of the rains. Our astronomical works 

have mentioned Ārdrā as the first naksatra indicating thē advent of the rains. 
The almanacs give a forecast for the whole year, which includes a forecast of the 
rains based on the moment of. the sun’s. entry into Ardra nakgatra division ; 
not only this, but the ruler of the day of the week on which the sun enters the 
Ardra division is regarded as the lord of the clouds. This shows that formerly 
Ārdrā was thé first naksatra of the rainy season* and Mrga took its place later ; 
similarly the beginning of the rains will gradually take place retrogressively 
with the sun in Rohini, Krttika and ultimately, after some years, in Ašvini, 
that is in Caitra. This confusion will not arise if naksatra divisions are: > made i 
On the sāyana basis. 


intri- 


Dates for Mrga Naksatrā 


- Some people think that the sun's entry into Mrga takes place on June 5, 
that this rule will never be falsified and that the rains also will not fail to come 
onthe right day. But as the Christian year is tropical, the sun's entry into a 
nirayana naksatra division will not take place on the same date perpetually, 
Before Saka 1707, the sun’s entry into Mrga used to take place on the 4th or 
Sth of June. Later on it began to occur on the 5th or 6th. From Šaka 1819 
ohwards it will cease to occur on the 5th ànd will take place either on the 6th 
or 7th of June. In short, tradition is favourable to the acceptance of the 
sayana system. . 


Religious Aspect 


The religious. point of view has been considered at some length in the course 
of the above discussion and even before. Let us now consider it in somewhat 
greater detail. Quotations from Vedic Literature, like— 

**Madhušca Mādhavasca. Vāsantikāvrtū” Tai. Sam. 4-4-11. 
which. mention the names of months relating to all the six seasons, have 
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been already given (page 18 of Part I). Accordingly the spring season must 
be found in the months of Madhu and Mādhava for all time. 


AMM MAMTA oa AAA TARANEE: Y u 
ARARATU GA, TET. 2 AT 2. 


The compiler of the sūtra enjoins the preparation of the "sthālipāka” 


for the full moon day of Asvina. It is well known that it requires newly 
harvested corn. 


start. maa Ag AIST 11 % 1 Aiae ar n 3 N 
Pug Warp ear "xa 


Sama. T. T. 2.2. 


“The rite known as Pratyavarohana, is to be performed in ME on 
the 14th lunar day or on the full moon day.......... and the season of 
Hemanta should be remembered.” 


. This rite of Pratyavarohana in Maàrga$irga is to be performed in honour of 


the Hemanta deity. This suggests that season of Hemanta should come in 
Mārgaširsa. 


amean 11 % n studet = TAT SITQUE |1 2 T 


ARG, T, ST. 34. 
Jn this it has been ordained that the rite of Upākārma should e performed 
in Srávana when fresh herbs grow in abundance. This obviously means that 
there must be rainy season in Sravana. Many such quotations from different 


sütra-works could be given which indicate that a particular season must be 
current in z particular month. 


Now I quote a few lines from Purāņas and other works mentioning the rites 
«that are to be performed in particular months and particular seasons. 


anamaria 3 fasfr qat 11 dā rfr fadserat a d ARAA: 11. 
saaa:— AARTE JAAA N 
Ferree. 
“Those who drink the juice of eight flowers of Ašoka tree in the Punarvasu 
. naksatra, in the month of Caitra on the 8th lunar day, will not come to sorrow. 


The mantra to be chanted :—‘‘Oh blessed Asoka tree, who is created in 
the month of Madhu”. 


. Herein has been mentioned the chewing in Caitra of the ‘ASoka Kalika’ 
which grows in Spring. 


adie Bett rfr TP da aged 11 ahs feral ser wur a 

aaa, Tor Hat g d dd Sar etfs ap saaTi Wat n 9 1 

qanar anfa qu Tata a n oat fafa TATA T n 3 
ATA, 


*A water tap should be offered on an auspicious day recommended 
by a Brāhmaņa when the month of Phālguna is elapsed and rejoicings beģin, 


m 
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Again arrangement to distribute cold water should be made in Vaišākha, 
the water pots should be hung over idols for water to trickle over them and the 
following articles should be given to Brahmanas :—Shoes, fans, umbrellas, 
fine garmerts, sandalwood, water vessels, bowers etc.” 

This indicates that the hot season should always be found in Caitra and, 
Vaisakha. 
Trea AES feat at a arm | rad fa quid 

adrian. 

“The great annual worship which is performed in autumn, in the month of 
Āšvina, after cloudy season has passed. d 

This shows that the season of Sarat should always be found in Ásvina. 


am a qur du fagafera: | aar qaaa qr fafaume: i 


ATEN ALA x Urfq ABT: N 
| faor qaror. 

It shows that the suñ’s ingress into Mesa and Tulà must occur on the equino- 
ctial days and that the ingress into Makara cn ihe day of the winter solstice, 
and these are not possible without taking th: ingress on the sāyana basis. 

The above guotations from Šrutis, Smrtis, and Purāņas show that spring 
and other seasons must always occur in Madhu and other months i.e. in ` Caitra 
and other months ; and this is not possible unless we accept the sayana system. 

. In the face of the above quotations it is not necessary to give further quota- 
tions from astronomical works or any other astronomical quotations in support 
of our contention. But works on Dharmašāstra give even such quotations to 
strengthen their argument and hence some of them are given below.* 


afaq fat fata: eq desdreigats: 11 fed « ast weed fafa: emu n 
SE IGIECER tr 


That day has been regarded as very sacred by sages, on which, the longitude 
of the sun, after the ayanāmša correction is applied to.it, becomes zero. 


"This emphasises the sanctity of the equinoctial day. 
aaa Tie Tels Arar o e aif: seat: 1 
TATA AA TATA: qmd BAIA AAAs quss nu 

Tee. 

“The sun, after receiving the correction of ayanāmša, always moves on the 
(celestial) globe. The ‘rasi-samkranti’ is to be regarded as secondary. The 
performance of rites on both the occasions is said to be the same. Buta person 
‘obtains inexhaustible stock of ‘merit’ if he performs the following rites on the 
‘chala (moving) samkranti’ :—bath charity, penance, śrāddha, vrata, homa 
(sacrifice) etc. —Pulastya.” 


gddīgafrmimt: THAT g: TATRA: || ATMA a RRiaifreTā H 
qozi afrimi mfg: dana Wd Sen UTSRIPRUTD U 
afas. 


*Most ofthe quotations have been taken from Pīyūsadhārā, a commentary on Muhi-. 
intāmaņi (Saka 1525). 
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“The ingress of the ‘chala’ sun into a rāši is the real samkrānti while the rāsi 
samkrānti is like the mane of a goat. Some wise men recommend the rāši 


samkranti. But I do not agree with it, since it is not touched by the ecliptic 
arc." 
GET AKR Wee p TATE SÜD equ: AREN: 1 


Agita gt Tatars u in Tirdz: Breaks Yeu 


tmafazia, greīfarmu 
aad aan: dat uic TH uU Tabara wp gadā The aemīfis gam ti 43t 


rt kat gha 

Some of the above quotations show that *rāši-samkrāntis* or ingresses 
into nirayana rāšis must be rejected and only those into the tropical signs 
are worth accepting. Some of them state that ra@si-samkrantis are inferior 
as compared with the Sēyana samkraniis. According to some authors, some 
of the above quotations are simply laudatory. As, however, the sanctity 
of the equinoctial and solstitial days has been recognized by the Puranas 
and many other works, the compilers of works on the Dharmasāstra could 
not discard them even though they occur before the nirayana samkrāntis into 
Aries-Libra and Cancer-Capricorn. Hence, while describing the holy periods 
related to nirayana-sanikrántis, they had to add the remarks “The same holds 
good in regard to ayaņas”” and some compilers of works on the Dharaméasira 
who had no knowledge of astronomy, even imagined 12 ayanas to be known. 
as “Mesayana, Vrsāyana”” etc, corresponding io Mesa and other Samkrāntis. 
It has been already mentioned above (page 298) ihat even some nirayana 
almanacs give the tropical ingresses in this way or in some other words, the 
compilers of almanacs on our Bombay-Poona region, however. do not grant 
the public of Maharashtra even this modest favour. The  Dharmasástra 
experts* in these parts, however, definitely know that such rites, as holy 
‘baths and charitable offerings, have been recommended even for the occasion 
of tropical ingresses. The '96-$ráddha' rites known as ‘sannavati Sriddhas, 
and to be performed during the year include the sriddhas for the occasions of 
samkrāntis and these are only 12 and not 24. Accordingly only 12 samkrantis. 
of some kind ought to be admissible for other religious rites as well. 


ln short, the sāyana almanac shows the proper time for religious observe- 


tions as ordained by the Srutis, Sutras, Smrtis and Puranas, and it should, 
therefore, be acccepted for everyday use, 


Doubts Resolved 


Let us first consider the objections raised against the sāyana system, before 
We proceed to consider the practical aspect of the system. The same star is. 
not always found near the equinox. The equinox is receding with respect 
to the visible stars ;and when the tropical year is accepted, any star will. 
happen to come in the place of the equinox. Some years ago the star Revati 
was conjoined with the vernal equinox ;at the present time the equinox occurs 
near the.star Uttara Bhadrapada. After the lapse of a number of years it. 
will occur in the Purvā Bhādrapadā, and it will be gradually receding in this 


+ ee 


*On the occasion of the debate on the sāyana almanac held in 1884 during the Vasantot-- 
saya in Poona, Gangadhar Shastri Datar, the eminent scholar, well versed in the Dharma-. 
shastra and the Vedas had admitted that the almanacs ought to mention sāyamw 
—Samkrantis. 
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way when the equinox woula come in the Pūrvā Bhādrapadā, that naksatra 
division will have to be called *'Asvini' while Phalguni will have to be called 
the ‘sayana citra’ and this terminology has been adopted even now by the 
sāyana almanacs. If one refers to the conjunctions of the moon with the 
stars given in these almanacs, one would find that when the moon is conjoined 
with the star Uttarā-Phālgunī, the diurnal naksatra (i.e. the naksatra division 
occupied by the moon) is shown to be Citra. Thus a planet will have to be 
taken to be occupying one naksatra when it is actually conjoined with quite 
a different star. 
|SAYANA SYSTEM DISPLACES STARS 


In this way the stellar (visible) nakgatras will be dissociated from the 
naksatra divisions of the same name. The name Mrgašīrsa, Hasta etc. show 
that the naksatra divisions originally derived their names from the stars and 
not on the principle that a certain region was to be known as a certain 
naksatra regardless of the star in that region. It has also been mentioned in 
Part one (page 48) that some of the names of. naksatras found in the Vedas 
are in the singular number, some in dual and some others in plural. From 
„this it is clear that the naksatra names were originally suggested by the stars. 
In the same way the names, Caitra, Vaisakha etc. were originally determined 
from those of stellar naksatras. 


CAITRA AND OTHER NAME WILL NOT BE JUSTIFIED 


But if the sāyana system be adopted the equinox would be in Parva 
Bhadrapada ; and when the sun is situated near the stars of Purva Bhadra- 
pada, the (solar) naksatra would receive the name “Sayana Ašvinī” and when 
the Moon becomes full near the star 'Pūrvā Phalguni, which is 13% naksatra 
aivisions away from it, the lunar month would be called Caitra, because the 
(Moon's) naksatra would receive the name 'sayana Citra’ and because the 
solar ingress into sāyana Mesa would take place in that lunar month. Thus, 
though the month should have properly been called Phalguna because of the 
full moon’s proximity to the Pūrvā Phālgunī star, it will have to be called 
Caitra. Thus, considered from the purely sidereal (nirayana) point of view 
even the months receive wrong names in the sāyana system. 


If the sāyana system be accepted the seasons will be found to be in their 
proper place. For instance, Spring will always occur in Caitra and Vaisakha 
but the stellar naksatras will go wrong. Any star which happens to be nea: 
the equinox will have to be called* *Ašvini” despite the star that may be there, 
and though the names Caitra, Vaišakha etc. were originally associative, they 
wil] have to be regarded as merely technical and conventional and the (Lunar) 
months Phālguna, Māgha etc. which at present receive these names because 
of their association with stars, will gradually come to be called Caitra. If 
the names Madhu, Madhava etc. suggesting seasons be revive and the terms 
Caitra, Vaisakha etc. be aiscarded, then only will this verbal solecism dis- 
appear. But then would be Caitra and other names have become so decp- 
rooted that it would be difficult to eliminate them. It is also true that the 
naksatras do not have a set of alternative names suggesting seasons just as 
the months have Madhu and other names. The terms Mesa Vrsabha etc. 
were divisional from the very beginning. Even if they be not so, they have been 
used in our astronomical works in the sense of divisions at least for the last 
2000 years. There can be no harm if they are applied to the sāyana signs also. 


Fan atqae ta, 


"The maximum distance between Sāyana and  Niryana  naksatras will be 134 
naksatra divisions. Hence, the Chaitra nakgatra division will be called Ašvinī when the 
equinox reaches that star after 12000 years. 
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Seusons Dispiuced by iviruyuņu Sysiem 

Now if the nirayaņa system be adopted, the seasons will be displaced. 
Spring, summer and other seasons will gradually begin to occur in  Caitra 
and the month of Caitra, even though it will witness the advent of rains, will 
have to be called Madhu. Not only that, but the rainy season will present 
a difficulty in the performance of religious ceremonies, like thread ceremony, 
marriage etc. which are to be performed in Māgha, Phālguna, Caitra, Vaisākha 
and Jyaistha ; and although from the point of view of seasons, Āsādha and 
other months will be favourable for them, their performance will still be diffi- 
cult as our Dharmašāstra prohibits them during these months. 


Where, then, is the way out ? One is simply non-plussed if an attempt 
is made to find out a solution by which both the seasons and nakgatras would 
be correctly represcntcd. if it is a fact that the equinox makes a complete 
revolution, it is obviously impossible to find an adjustment for both. Hence 
it is necessary to effect some sort of compromise. We must first decide what 
we can afford to abandon: the seasons or the stellar naksatras—and then 
abandon it. There can be no other alternative. So let us see what we can 
afford to lose. 


NAKSATRAS DISPLACED EVEN IN NIRAYANA SYSTEM 


Even to-day we are leaving the stellar nakgatras. They are not all situated 
at equal distances. Hence, even the nirayana almanacs have been required 
to divide the ecliptic into 27 equal parts and call them nakgatras. Some of 
the 27 divisions include the junction star of two nakgatras, while there are 
others which include none. A table has been given on page 308/309, to make 
this point clear by figures. The table shows the extent of each divisional 
naksatra, accurate nirayana longitudes of the junction stars of nakgatras, 
that is, their actual distances* from the junction star of Revati and the polar 
longitudes of the nakgatras (stars) according to the Grahalaghava. It has 
already been mentioned before that the initial point of our siddhànta works 
is movable. The initial point, according to the Sūrya-Siddhānta, was situated 
at a distance of 21% 27' 9.8” to the east of the eguinox in Šaka 1772. The 
distances of the Junction stars from this point in that year have also been 
given in the table and it is also shown which junctions of naksatras are not 
situated in their respective divisions, but in advance of or behind them. 

It would be clear from that, even according to Keropant’s accurate measures 
or the genuine nirayana system, 9 stars out of 27 are situated in advance of 
their divisions and 2 are behind, which means that 11 naksatras are occupying 
wrong places. When the diurnal naksatra is Aévini, the moon is not actually 
conjoined with any star, and when it is Citra, she is conjoined with three 
stars, Hasta, Citra and Svati. Now it is true that if the true nirayana year 
measure and the true precessional motion be taken, this error will always be 
the same and will never exceed. Even then if the adoption or iucst accurate 
and correct nirayana system results in the displacement of 11 naksatras out of 
27, of what availis such a nirayana system.? The longitudes of naksatras as 
given by the Grahalāghava are not true for the present time. Even if they are 
supposed to be correct, it is seen that six naksatras (stars) are wrongly placed. 


* Keropant’s Planetary Tables contain on pp. 324/325 the tropical longitudes of junction 
stars for Saka 1772. These distances have been obtained by subtracting the longitude of 
Revatī from them. Keropant has given 17°46’ as the longitude of Revati. But accurate 
calculation shows that in Saka 1772 it was 17°46’ 44". It has therefore, been taken 
as 17° 47’. Similarly the longitudes of Ašvinī, Jyestha, P. Ašādha, Sravaņa, and Dhanis- 
tha, are wrong as given by Keropant. Those have been corrected before use for the table 
below. As for the junction stars the same stars ha ve been adopted as in Keropant’s. 


21A 


Šerial 
No. 


13, 


15. 


Naksatra 


Ašvinī 
Bharani 
Krttikā 
Robini 
Mrga. 
Ārdrā, 
Punārvasu 
Pusya 


Āšlegā 


| Magha 


P. Phalgunī . 
U. Phalgun! 
Hasta 
Citrā 


Svātī 


Extent of Divisional 


Naksatra 
"Begin End 
0 0 1 
13 20 26 
26 40 40 
40 0 53 
53 20 66 
66 40 80 
80 0 93 
93 20 106 
106 40 120 
120 0 133 
133 20 146 
146 40 160 
160 0 173 
173 20 186 
186 40 200 


20 
40 


Accurate Nirayaņa 


(By Keropant) 
Ahead of or 
Behind Division 
14 6 Ahead 
27 4 Ahead 
"40 7 Ahead 
49 55 
62 18 
67 6 
93 22 "Ahead 
108 50 Ahead 
111 0 
129 58 
143 32 . 
151 45 
173 35 Ahead 
183 58 
184 22 Behind 


Positions of Junction Stārs 


+ 


According tā 
Grahalaghava 


7 Ahead of or 
Behind Division . 


66 Behind 
94 Ahead 
106 
107 
129 
148 Ahead 
155 
176 
183 
198 


According to S.S. 
in Saka 1772 


Ahead of or 
Behind Divn. 


Behind 


Behind 


L] 


30£ 
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Serial 
No. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24, 
25. 
26. 
27. 


Nakeatra 


Visakh& 
Anuradha - 
Jyestha 

Mala 

P. Āgādhā 

U. Āgādhā 
Šravaņa 
Dhanisthā 
Satabhigaj 

P. Bhādrapadā 
U. Bhādrapadā 


Revatī 


Extent of Divisional 


————— 


Naksatra 
Begin End 
200 0 213 
213 20 226 
226 40 À 240 
240 0 253 
253 20 266 
266 40 280 
280 0 293 
293 20 306 
306 40 320 
320 0 333 
333 20 346 
346 40 0 


Accurate Nirayana 
(By Keropant) 


: Behind Division 


Aheed of or 


Behind 


Position of Junction Stars 


286 


According to 
Grahalaghava 


Ahead o, or 
Behind Division 


Behind 
Behind 
Behind 


According to S.S. 


in Saka 1772 

Ahead of or 
Behind Divn. 

28 

39 

13 Behind 

46 Behind 

2 Behind ` 

38 Behind 

12 Behind 

50 

2 

56 

33 Ahead 

20 
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It has been proved (page 219) before that the initial point obtained from 
our works moves in advance of the junction star of Revatī by 845 seconds. 
The above table will show that the junction stars of seven divisions out of 
27 divisions, made from the initial point of the modern Sūrya-Siddhānta, 
are found behind their respective divisions ; hence, when the ‘diurnal naksatra’ 
is Mrga, the moon is actually conjoined with two stars, Mrga and Ārdrā. 
The same thing happens in the case of seven naksatras. After 5000 years 
more, all stars except that of Uttara Biiádrapadá wiil fall behind their own 
divisions ; and then one will see the conjunction of the moon with Bharani 
when the diurnal naksatra would be A$vini. Similar will be the case with 
26 naksatras. The same thing will happen in the case of even Uttara Bhadra- 
padà after 7400 years. In short, even the prevalent nirayana system will cause 
disorganisation of naksatras like that ca used by the sávana system. 


If the term *conjunction' be defined as the "phenomenon in which the 
longitudes of two celestial bodies are equal", then it would be the case of a 
conjunction in longitude. “If it be defined as the position in which the right 
ascensions (R. A.) of two celestial bodies are equal, then it will be the case of 
a conjunction in R.A. The sayana almanac gives conjunctions in right ascen- 
sions. Even the nirayana almanac gives conjunctions in right ascension. 
That almanac has been compiled from the Nautical Almanac after adopting 
the ayanāmšas according to the Grahalāghava. It shows the moon’s con- 
junctions in R.A. with the following eight stars occurring before she enters 
the ‘diurnal divisional naksatras' of those names P ad Āšlesā, Jyestha, 
Miia, P. Asadha, U. Asádha, Sravana and Dhanisthà. Similarly, if these 
conjunctions of the moon with stars be compared with those given in 
Keropani’s alinanac it wiil be seen that according to Keropant's almanac, the 
moon and also every planet is conjoined with the stars U. sādhā Sravana and 
Dhanisthā before its entry into the correspoi:ding diurnal naksatra division, 
while in the case of Punarvasu, Pusya, P. Phalgunī and Šatatārakā the same 
phenomenon occurs after its entry into the daily naksatra divisions. In 
short, one may adopt an accurate measure for the nirayana system, but 
this dissociation of the stars from their naksatras is bound to persist. 


Caitrūdi Terms not Associative 


Let us now consider the case of months. Tt is true that if the system en 
sayana months be adopted, the definiticn* that the month in which the meen 
becomes full near the star Citra is to be named Caitra, will not be found te 
be invalidated. But what is the actual cóndition these days ? At least a 
period equal to the antiquity of the Vedanga Jyotisa viz. about 32C0 years 
has elapsed, since the system of naming the lunar month according to the 
Droximity of the full moon to same star, was discarded. Jt is not kncwn 
how long before that it had gone out of use. It is a fact that the terms Caitra, 
Vaisakha, etc. originated in accordance to that rule ; but when it was noticed 
that the moon does not necessarily become full near the star Citra in Caitra, 
two or sometimes even three stars were allotted in the case of certain months. 
But as the junction stars are not situated at equal distances, the system of 


* On the full moon day in the month cf sāyana Caitià, tte mcen vill te definitely fcund 
to be in the (divisional) sāyana Citra or in the naksatra, tefore or in advarce ofit. 
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divisicnal nakgatras had to be adcopicd. The Vedānga Jyoiga shows a 
system of accurate divisional naksatra system. Tlie system of accurate 
divisional naksairas came into use from the period in which the present sid- 
dhànta works on astronomy were compiled and the definition **viz., that lunar 


month in which the sun eniers Mesa is called Caitra"came into existence end 
is now followed. * 


The table on page 312** gives the naksatras in which the moon became full 


during the 4 years from Saka 1804 onwards and in Saka 1810 in the Keropant's 
almanac. 


This will show that anyone out of three naksatras was occupied by the 
moon on each full moon day ; and a still more striking case is presented by 
A$vini and Maghā in 1804, since in these months the neksatras cn the futs 
moon days were Uttara Bhàdrapadà and Pusya respectively. If month 
are to be named after the naksatras those months ought to have been called 
Bhādrapada and Pausa respectively ; and because on the full moon day in the 
Asadha of Saka 1810, the diurnal naksatra was Sravana, the month should 
have been called Šrāvana. The same plight cceurs in the case of the Graha- 
lāghava almanacs. in short, if the principle of naming months after nakgatras 
were to be followed, a good many (month) names would go wrong, no matter 
what accurate nirayana system, we adopt. Hence the astronomers had no 

"other course but to discard the system of naming the montls accrcding to the 
naksatra in which the moon became full. 


According to the opinion of astronomers, the terms Caitra, Vaisākha, etct. 
are conventional and not associative ; but even Panini and the compilers of 
Smrtis hold the view that they are not associative. The author of Kālatatva- 
vivek* observes as follows about it :— 


mena, dagana tatraut à qaem aif mmis aac: neuere t 
AUT qup ENTRO 1 urfifersfa. aaa iman afa Tartu 
qami iara qa dmg aa galaf eur TAT TEAPM AT UT: ITEM: | 

m. feri aaa afaina dimmi aaa cat wo acre... aaa 


Hence, it is needless to consider the objection that such tc: ns ce Caitr 
Vaisākba, etc. would lose their significance by following the isine sysicm 


for the objection can be raised with equal force, both against the Sayana and 
Nirayana systems. ` 


Compromise 
As regards the naksatras, if the nirayaņa system advocated in our Siddhānta- 


works be followed, not only will the seasons go wrong, but there will be dis- 
order about the naksatras also in the same manner as by the adoption of the 


* A more detailed explanation has been given (page 270) before, while discussing the 
names of months. 


** Of these years, according to that almanac the months, Caitra, Srāvaņa and Āgādha 
are intercalary in the Saka years 1805, 1807 and 1810 respectively. 


MONTHS 


Caitra 
Vaišākha 
Jyaišķha 
Asadha 
Šrāvaņa 


Bhādrapada 


Kārtika 
Mārgašīrga 
Pausa 
Mügha 


* Phālguna 


Saka 1804 


Citra 
Visakha 
Jyesthā 

P. Āsīdhā 
Šrāvaņa 
Šatatārakā 
U. Bhādra 
Bharaņī 
Rohiņī 
Ārdrā 
Pusya 


P. Phalguni 


1805 


Svàtí 
Anuradha 
Mala 

U. Asadha 
Satataraki’ 
U. Bhādra 
Ašvinī 
Krittkā 
Mrga 
Pusya 
Maghā 

U. Phalgunī 


1806 


U. Asadha 
Dhanistha 
P. Bhadra 
Revati 
Bharani 
Rehiņī 
Purarva^u 


ÁASlesa 


P. Phalguni 


FULL MOON'S NAKSATRAS 


1807 


Hasta 
Višākhā 

- Jyesthà 
P. Asadha 
Satataraka 
U. Bhadra 
Ašvinī 
Rohini 
Ārdrā 
Pusya 
Maghā 


Hasta 


1810 


Hasta 
Srati 
Anuradha 
Sravana 
Satatārakā 
U. Bhādra 
A$vini 
Krttikà 
Ārdrā 
Pusya 


Magna 


U. Phalguni 


c Ie 
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sáyana system, with the only difference, that it will take place in the reverse 
order and at a slower pace.* The months also will consequently be affected 
in the same manner. Even if the most accurate nirayana measure be adopted 
the naksatras and months will be liable to the same error. lt is true that the 
‘error will be always constant, nevertheless it is bound to persist. Hence it 
‘seems desirable to ignore the correct positions of the stellar naksatras, if the 
choice lies between seasons and the stellar naksatras. When we ignore the 
stellar naksatras we shall cease to name the lunar months after them and we 
shall begin to state the positions of planets with reference to new divisions 
called the sāyana naksatras ; that is, all the conjunctions of planets can be 
observed and their moments can .be calculated ; similarly, the times of the 


‘conjunctions of planets with the naksatras (stars) can be calculated and noted 
in the almanacs. 


If any one would argue that there will be a difficulty** in calculation 
through the sāyana system, the answer is that such is not the experience. The 
whole calculation in European astrcn my these days is done on sāyana basis. 
Keropant maintains that (page 301) " because, the Sun, the Moon, the 
Planets and the Equinoxes all have motion, their positions should be measured 
only with respect to ihe Stars which are stationary ". This means that it 
is proper and necessary to take the help of fixed stars while taking observations; 
but in the compilation of the almanac, there can be no objection mathematical 
or: otherwise against adopting the sayana system. European astronomers 
«do make use of the stars for observation, but all their calculations fer the 
Nautical and other almanacs are made on the sāyana «basis. Keropant has 
himself adopted sāyana positions and motions of planets for his book of 
PLANETARY TABLES and the planetary places calculated from it are all sāyana. 
Moreover, the method of taking observations by the “nalika” and the des- 
Cripticn of other irstruments of observation, as given in our astronomical 
works (See chapter. headed ** systems of observation "), show that more use 
has been made of the sāyana measures than of stars. 


More Doubts Resolved 


Ciera farce u 
a TAA: HEPAT MAA AT u 
BUCESEEREL LACE HET 
gfaererearer ai - QRA Carel 11 - TATA quad 11, 
Xe N spacer N APT ATAT di 
„A fire should be consecrated cn Rohini.. it should not be consecrated 


on Pūrva Phalguni, nor on Punarvasu. ‘Svaha’ to Krttikā— —to Rohini 
—-—to Punarvasu ——— "' 


———. 


* If the sáyana measure be adopted, the sáyana Ašyinī will be found contacting the stars 
Revati, Uttara Bhādrapadā and so on in a regressive order, every 1000 years; and if the 
measures of the S.S. and others are followed, it will progressively cross the stars Bharani, 
Krttikās and so on after every 6000 years. 


** The author of the Pīyusādhāra commentary has attempted to show that a certain 
eclipse predicted by niray ana system, was not predictable by the sāyana system. But if 
he had used the sāyana system in the correct way he would not have been assailed by any 
doubt (page 148). 
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These lines* coníain the names of naksatras in the singular, dual, and. 
in plural. This clearly shows that these naksatras are nothing but stars and 
verily these lires cannot apply to the sāyana  nakgatras, which shows that 
the Srutis recognize only the stellar nakgatras. And naksatras in that sense 
will not be obtainable by adopting the sāyana system. All the same, the fact 
remains that it would not be possible by the nirayana system io secure the 
occurrence of spring in the months of Madhu-Mādhava, that is, in Caitra 
and Vaišākha, for ail times to come, and such occurrence too is a point stressed 
by the Srutis. 


„The works on ritual facts, prescribe the performance of particular rites. 
on particular naksatras. If it be said that these naksatras refer to stars, 
practically no one has the faintest notion of such a fact. The naksatras are 
now observed simply as a matter of convention. Now-a-days the people 
are as a rule, satisfied if they find that the almanac gives the appropriate 
naksatra (division) necessary for a particular rite for the desired time, without 
caring to know which star is actually contacted (by the moon) in the heavens. 
at that time. It is not that this condition is prevailing only in the present 
times. Asthe stars are not situated at equal distances, the condition is simply 
inevitable. The calculation for finding the accurate naksatra has been ex- 
plained (page 279) : but no one makes practical use of it these days.** 
Even if it is done and even if the most accurate nirayana system be adopted, 
it is impossible to secure the correct positions in every way. In addition to 
this, possibility of error in the calcūlatior is another obstacle in the matter.. 
Even if we assume that the necessary correctness can be ensured, the ritualistic 
rules that enjoin the performance of particular rites on particular seasons. 
cannot be observed by adopting the nirayana system. 


Pros and Cons Weighed 


The nirayana system cannot ensure the correctness of time for the perfor- 
mance of certain rites which must be performed according to the Dharmašāstra. 
im Certain months and certain seasons, nor does it ensure the ‘regular recurrence 
of Spring in the months of Madhv-Mādhav, that is, Caitra-Vaišākha, which 
is a fact recognized by Srutis as important. Will a system of astronomy 
be acceptable if (like the nirayana system) it brings the rainy seasor in Caitra? 
Not one in hundred would answer this question in the affirmative, and to. 
add to this, the naksatras too fall out of their proper places if one adopts the 
nirayaņa system. These four arguments are favourable to the adoption of 
the sāyana system. The followers of nirayana system will in their turn put 
forward four similar arguments that even the stellar naksatras are recognized. 
by Srutis and accordingly the Dharmašāstra has laid down rules for performing’ 
certain rites under the rule of certain naksatras and these rules cannot always 
be observed if the sāyana system be followed. The stars of Revati,-Uttara- 
Bhādrapadā or those of all other naksatras will have to be called Ašvinī by 
turns by following the sāyana System, and no one would agree that it is proper : 


* Most of the lines have teen cited in Part I. But scme more have been taken from. 
the Taittirlya Sruti. B 


** Vasudeva Shastri Dedgacnkar, an astronomer of Poona, recently told the author 
that a certain Joshi of Paithan, scme years ago, who found by calculation that a desired 
nákeatra was available at a certain time got a marriage ceremony performed. But far from. 
appreciating this welcome irncvation, the !c cal as well as the Pcora public excemrmunicated 
him for sometime. A 
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and although it is generally true that Spring would occur in Caitra for all 
time if sāyana system be adopted, the day of the beginning of seasons would 
shift a few days on either side ; and further, as the scasons are reckoned on 
the basis of lunar months, a variation of even a month sometimes occurs in 
the beginning of a season. Even granting these contentions of the nirayana 
school and balancing one set of arguments against the other one cannot deny 
that there still remain two arguments advanced while discussing the logical 
aspect of this question, which establish the acceptability of the sāyana system 
(page 298,299). They are that the year is naturally a time unit defined by 
the cyclic recurrence of the seasons, and that the object of inserting an 
intercalary month is nothing else but.to ensure for all time the concurrence of 
particular seasons and particular lunar months. Both these objects can be 
attained only by adopting the sāyana system. These two arguments are 
quite irrefutable. 


Conclusion 


Similarly, if the historical aspect of the question be considered, one finds: 
"that the sāyana year was in vogue from the earliest times till about 2000 B.S. 
“Thus it is a fully and firmly established fact that the sdyana system alone 

serves acceptance. 


Cemplete Revolution of the Equinox 


1 We have considered the sāyana and nirayana systems on the assumption 
: that the equinox makes a complete revolution. The question of the Calendar: 

5 y reform has to be considered chiefly with a view to seeing that the almanac 

is compiled in conformity with the tenets of Dharmašāstra. It may be argued 
: tbat our works on astronomy assume that the equinox does not make a complete 
; revolution but that it oscillates ; and, if that be a fact, then the dissociation of”: 

i seasons from months will not occur even by following the nirayana system, 
and that, therefore, Spring will always occur in Caitra. Let us then consider: 
this line of argument. 


f Whether the equinox makes a complete revolution or not, is not a matter 
* Coming within the purview of the Dharmašāstra. The only concern of the 
Dharmašāstra* is to decide what rites ought or ought not to be performed 
* during the rule of certain seasons, months, tithis, naksatras etc; and it is for 
astronomy to decide what time conforms with the rules of the Dharmašāstra. 
: If the Dharmašāstra enjoins that certain rites are to be performed in a certain 
; month and certain season, then itis the duty of astronomy to establish such 
a system of time-measures as will ensure the association of the seasons with 
the appropriate months. The science of astronomy is based on actual facts. 
* Because the positions and motions of planets undergo a change in course of 
"time, it has become customary with astronomy to adopt such positions and 
motions as are confirmed by experience at different times. The modern 
"Sūrya-Siddhānta gives positions: and motions of planets that are somewhat 
. different from those in the earlier Siddhantas. Nevertheless the author observes 
that apart from the change in planetary motions necessitated by the lapse 
of time the ancient science has remained intact, as. may be gathered from 
the following line in Madhyamādhikāra. 


* The rules prescribing certain times for certain rites are given in the 'Muhürta' branch: 
of astronomy. The Muhūrtaskandha in this way forms part of the Dharmašāstra. 
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MAM qd qd we MEPL | qur qfaia PANA Hag |1 2 
KET TPIT 


“This is the same science which was deiiberated by the god Sun. The 
only variation in time is due to the passing of long periods called * Yugas'. ” 


Ranganath in his commentary on ihe above says, 


araa War fafaga wadifa que ngan ware queue fers. 
wearers eiaa sara: [wee] seam, ou 


** That kind Bhāskarācārya cited another science for the use of people, because 
planetary positions change with lapse of time. ”’ 


Bhāskarācārya says :— 


ara ferus gqqa mist FATT di 
maa THIET, 
Keshava also has made a similar remark (page 128) . 


Even the followin g well-known verse from the Vasistha Samhita recommends 
the adoption of that system which will ensure agreement between calculation 
and observation. 


aera eat aa ara da gata 
. gun dau «wu faeere u 


«If the almanac in vogue in a territory, at any time, follows a certain paksa 
:and its calculation agrees with observed facts, that paksa should be accepted 
and the decision regarding tithi etc. shouid be taken accordingly". 

By observing the rules governing the construction of the Universe, the 
western asironomers have esiablished with certainty the fact that the equinox 
“makes a complete revolution.* 


*The author gives ia brief ar ides of the revolution of the egrinox.Think of a chi d- 
ren’s to, spluning on the grourd, At first it *evolves verv rapidly Inan upright position. sle 
that tts avis pissing through the two ends remains pependit lar to the srounc. Ay its 
speed dimirishes, n begins to nod bacs:ise its upper part is heavy and in that conaicon its 
«aus no tonge: remaias in a vertical position and its upper end begins ic revoke. Iv the 
same way, the ertremit'es of the earth's axis continually begin to revolve round the end Of 
a line perpen iicular to the plane of the orbit of the Polar Siar :nat is rourd the pale of the 
ecl'ic When the earth rotates round its axis, the axis does not temiir in a Position per- 
pendicular to the plane of its orbit.Its speed of rotation round its axis is always uniferm} 
dt is practically constant-Hence, had .t beer completesy spherical, its axis wouldh +e tended 
to remain inclinec at the same angle.But the earth is fia a! the poles and bulging at the 
edu: tor.Hence, the attraction af the sun and moon on the equatorial part, shows a tendency 
to merge with the plane of its orbit. But the rotation of the end of «he axis conijaues in 
cessantly.This makes it impossible for the two plants to merge and for the axis to become 
perpendicular to the (piane of the) orbit.Tae axis of the earth, however, Keeps revoivin2 
round the axis of the eciiptic. The p-les of the equator revolve round those of the cctictic. 
This causes the (celes:ial) equator to slide or the eciiptie. This is known as the phenomenon 
"Of the precession of the equinoxes. That the a‘traction of the sun end the moon on the 
-earth is greater al. the cqustor 1s notceaole by minute observation. The nodes of the Moon 5 
-orbit make a revolution in 18% years. This causes the moon to go away from the equator, 
sometimes 10 28° north and sometimes upto 18° during that period.Tnis and also her 
variable atiraciion on the bulging portion of the eugator causes a vari.ion in the revo u- 
‘tionary motion of the pole.This variation is found to be the same after each period of 184 
years.The condition of the equatorial part of the earth being more bulging than tnat at 
the poles is not likely to change at leas: for millions of years more.Hunce, the equinox 15 
Pound to make a complete revorution. 
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Even in our country Mufijala and others hold the same view. A quotation 
from the Satapatha Brāhmaņa describing the position of the Krttikas has. 
been given before (on page 128 of pt. 1), which shows that it applied to a period 
about 3100 years before Saka. The equinox has moved through 68° during 
the period of 4900 years from that date up to the present time, that is, through 
more than 54° which is supposed to be the arc of equinoctial Oscillation 
Thus, even our own ancient works lend a support to the fact that thee quinox 
does not oscillate but makes a complete revolution. This being so, our Dhar- 
mašāstra ought to abide by this verdict of astronomy and accept the sayana 
system which ensures the association of seasons with months and our astro- 
nomers must compile their almanac only by that system. » 


Successive Regression of Year-beginning by One Month, as Solutien of Problem 
. Some people suggest a different solution in order to maintain the Nirayanae 
system and at the same time to avoid the difficulty that will arise in. future in 
being compelled to perform religious rites in the wrong seasons, owing to 
the present day nirayana system. It is this :—instead of the sayana year the 
correct nirayana year-measure should be adopted ; the nakgatras, rasis, and 
samkrantis too should be nirayaņa. The present system of naming that 
lunar month as Caitra in which the Mesa Samkramaņa occurs should also 
be retained. But when the ayanāmša amounts to 30°, and the equinox moves 
back to the beginning of the nirayana Mina rāši, the year should be made to 
start at the beginning of nirayana Mina, in the nirayaņa Phālguna (of the 
present day), and the names of Madhu-Mādhava which denote seasons and 
are now applied from Caitra should.be applied from Phālguna, and all religious 
- rites which are to be performed in Caitra, Vaisàkha etc. should be performed 
in Phālguna, Caitra etc. ; that is to say al] religious functions should be re- 
gressed by a month. When after a lapse of time the advent of Spring begins 
to coincide with Māgha, the rites pertaining to Caitra and Spring should be 
shifted back to Magha, This arrangement would ensure the performance of 
. religious rites, usually observed in Caitra (Spring) to be performed in Phāi- 
guna and Magha but still in Spring. There will no more be any necessity to 
call the divisions occupied by the stars Revati, U. Bhādrapadā etc. as A$vini. 
This was the opinion of Keropant Chhatre and Krishna Shastri Crodbole 
and the same view is now held by Prof. Tilak and Venkatesh Bapuji Ketkar.* 


It is not Traditional 


The süggestion appears desirable at the first sight ; but in reality it is not 
acceptable. Some of its advocates remark that there is even the support of 
tradition behind it. They observe that according to the Vedas, the year should 
begin on the winter solstice (W.S.) day and (it is also known) that the W.S. 
was gradually set back from Phālguna to Māgha, Pausa and Margašīrsa. 
Keropant mainly relied upon the quotation “YA vaigā ...." (quoted on page 
30 of Pt. 1) from the Samkhyayana Brāhmaņa in this matter. Tilak has added 
one more month, Caitra, to the above list of names on the basis of the stanza 
from the Anuvāk of Samvatsara Satrà (given on page 28/29 of Pt. I). 


Ihave already shown before (page 135 of Pt. I) that the Vedicq uotations cited 
as authority by Chhatre and Tilak, have nothing to do with the winter Solstice. 


*Keropant's views had appeared in the Arunodava newspaper in the issues of 7th 
October and 4th November 1885 and that of Ketkar was puhlished in the same paper 
about 1884.Tilak’s view is found in his book ORION but particularly in an article appearing 
in the Kesari sometime in 1893. Go doole had expressed his views in a personal talk with 
the author. Bapudev? did not hold this view. His views have already been stated (page 301) 
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At no other place in the Vedas has the beginning of the year been shown to 
be with the W.S. This author is not alone in holding this view, who says so. 
Even Sāyanācārya has not interpreted these lines as bearing on the W. S. 
Similariy, Madhavacarya aiso has discussed this point in his Kim dhara 
on the basis of several Vedic quotations and concluded that the year used to 
start at the beginning of Spring in Caitra. He did not come across a single 
statement in the Vedas, in which the year was said to begin on the W.S. He 
was also not led to draw the conclusion, that ihe year beginning was gradualiy 
made to recede througii Caitra, Phálguna, Magha aad so on. 


It is true that in the Vedānga Jyotisa the W.S. is mentioned as occurring 
in Māgha. The same system is found at one or two places evenin the Maha- 
bhārata. Ail astronomical works except Vedāiga Jyotisa refer to the W.S, 
as occurring in Pausa but this does not prove that there was the practice „of 
naming the months gradually backwards as Māgha, Pausa etc. It will be 


explained* how the W.S. occurring in Magha during the Vedānga Jyotsa 


period began to occur inPausa. The advent of Spring used to occur in Caitra 
at the time when Caitra and other names of months came into use. Hence, 
ihe authorities on Dharntašāstra applied the system of calling Caitra- Vašākha 
the months of Spring season on the analogy of the ''Madhu-Mādhava” names 


-of the Vedic period and like the month of Madhu they adopted Caitra as the 


initial month of the year. Even though the W.S. used to occur in Māgha 
during the Vedanga Jyotisa period, it did not affect the system. But later on, 
because the solar ingress into Mesa used to take place in Caitra when Mesa 
and other terms became current and the year already used to begin in Caitra, 
astronomers formulated the rule **Mesādhisthe Savitari ....” (page 270) for 
naming the months. This terminology was not at all current in the Vedanga 
Jyotisa period and hence the religious heads accepted the rules established by 
astronomers. On account of this, the Makara Sankramana occurred in 
Pausa itself, the W.S. which formerly used to take place in Magha had naturally 
shifted to Pausa and the convention of the W.S. and Makara Sankramana 
‘occurring in Pausa became a rule and was acceptable to the authorities on the 
DHARMA ŠĀSTRA. It has already been pointed out in the course of the study 
of Vedāņga Jyotisa that the Vedanga Jyotisa system was not everywhere in 
use in its original form for many years. Hence, because the rule of the W.S. 


occurring in Magha did not last long universally, it was not difficult to establish 


the convention of linking up the W.S. with Pausa. Now the terminology 
cannot change for, though it is now-a-days sometimes seen that the W.S. 
occurs in Margasirsa, still it is not recognized by the Dharmašāstra, nor would 
it be acceptable. That it was not acceptable to the Sürya-Siddhànta can be 
seen from some of its verses given above (page 300). Whatever is un- 
acceptable to astronomy cannot be acceptable to the Dharmašāstra also. In 
short, even though the W.S. sometimes now-a-days occurs in Mārgašīrsa, stili, 
the fact is not recognised by the Dharmašāstra ; and the tradition of shifting 
the beginning of the year back by a month every 2000 years is not found in 
the Dharmašāstra. None of the works on the Dhkarmašāstra will he found 
to give any of the two facts discussed above. 


——— — —Ó—— ms 


*1f months are named on nirayaņa basis, the W.S. is found to occur in Magha, Pauta 
Mérgasirsa and so on, gradually in a backward order. But it isto be seer if xt wes the 
tradition to call that t lunar month Pbā! gunz, Māgha and Pausa, in which the W.S, occurred; 
in other words, I w.sh to discuss, if it was the tradition to begin the year one month earlier 
after: every two thousand years, after naming ihe months on the nirayana basis: and itis 


being proved that there was no such tradition. 
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The sianzas (Anuvak) describing year-long sacrifices speak of beginning 
the series of such sacrifices on the Citra full moon day, the Phalguni full moon 
day and the Ekāstakā (8th lunar day of Magha Krsna) day. It shows that 
even if the W.S. and the beginning of the year ceased gradually to take place 
on those days, as years rolled on, still the occurrence of the beginning of Spring 
and that of the year must have coincided with those days. And if any one 
begins to argue on this basis that the tradition of setting back the beginning 
of the year gradually by one month can be discerned here, it would also be 
imnossihle hecause the Anuvak relating to the vearly sacrifices occurs in the 
Taittirīpā Samhita and the 7àndya Brahmana. The dates of both the works 
are not later than 2000 or at the most 1500 B.S.; and this estimate must be 
acceptable to Tilak also. Hence, there was no possibility of Spring occurring 
in Macha in those times (pages 131/132 of Pt. D. It has already been shown 
(pages 265) that the practice of beginning the year on the Ekāstakā day must have 
come into vogue owing to some other reason andit must have had a secondary 
importance. Now the full moon days of Caitra and Phālguna remain to be 
considered. Tt is a well-known fact (of astronomy) that every solar ingress 
takes place within 29 days earlier or later than (the starting of) a lunar month. 
The solar ingress into Mesa occurs on any day between the 1st lunar day of 
Caitra and the new moon day of that month; consequently, a similar variation 
takes place in the beginning of any season. Hence, Spring can be seen to 
begin, in some year on the Phālguna full moon day and sometimes on the 
Caitra full moon day during any particular period ; and according to the 
*pürnimànta' system, the month ends on the full moon day. Hence at the 
time when exact rules for beginning the year were not established, it was 
naturally felt that the year could begin on either of the two tithis. Sāyanācārya 
has interpreted this stanza on these very lines. The work Kālanirņaya by 
Mādhava supports this very interpretation*. Cases of starting the year in 
«different months have been given before (pages 263/265) and it has been pointed 
out there that there was no such tradition of commencing the year one month 
earlier. 


In short, there is no tradition in favour of setting the year back by month 
by the nirayana system and it is not in conformity with the rules of the Dharma- 
$àstra ; hence, this adjustment is not acceptable to Dharmašāstra. 


NOT ACCEPTABLE TO PUBLIC 


Setting the beginning of the year back by a month and performing rites 
in Phālguna which.are meant to be performed in Caitra, is nothing but altering 
the Dharmašāstric rules. So long as these views remain on paper, it is all 
right. The originators and followers of this view do not appear to have reali- 
zed how ridiculous it would be in the eyes of the Sàstris and the general public. 
Muijàla's views on the precession have been condemned as those of an atheist 
and a avan by Munishwar, the author of the commentary called Marichi, 
(page 212), because, the theory that the equinox makes a complete revolu- 
tion does not ensure the occurrence of seasons in a way acceptable to the 


*When this book was first written in 1887 i.e., before Prof. Tilak’s book was published 
the author had already considered the quotations (Anuvak) relating to the beginning of the 
year, and he had already construed them in the way he has done here and on pages 135/136 
of Pt. Ithen Prof. Thibaut’s review of Tilak’s book appeared in the monthly Journal 
‘Indian Ant iquary” in 1895, and he has there interpreted the quotations just as the author 
has done. This discussion includes also the consideration of arguments put forth by Keropant 
in support of his contention. 
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Šrutis (page 212). In his eyes even the verbal argument regarding the 
dissociation of the seasons and months appeared distasteful. How then can 
the authorities on the Dharmašāstra like him tolerate actually performing 
those rites.in Phalguna which really belong to the month of Caitra ? 


EVEN THIS SOLUTION CAUSES ERROR IN SEASONS 


If the year is made to begin at the first point of Mina, when the equinox 
begins to occur in the initial point of the nirayana Mina sign, it will not be 
found to be there perpetually, because it will also continue to recede, as the 
equinox is always movable; and an error will continue to occur till the equinox 
would reach the initial point of Kumbha. Even if the year is then made to 
begin at the initial point of Kumbha, the error will still persist. In short, 
even by following this system, an error of up to 30 days will always continue 
to remain in the recurrence of seasons. 


AN INSUPERABLE DIFFICULTY 


There is yet another difficulty which cannot be tided over. Some religious 
rites are related to seasons, months and tithis, These may be transferred to 
a time a month earlier. But there are some which are connected with the 
seasons, months, tithis and also naksatras. For example, the Vijayadasami 
is to be observed on the tenth lunar day of the bright half of Āšvina in the 
Šarat-ritu. The association of Sravana naksatra with it is desirable. ‘this is 
not possible, on the 10th lunar day of Bhadrapada Sukla, as it woul fall on 
the 12th lunar day of the bright half of that month and on the 14th lunar day 
of the bright half of Srāvaņa. If Vijayādašami is celebrated in Bhadrapada, 
the Sravana naksatra will not be available. If it is celebrated on Sravana 
naksatra on the 12th lunar day, then Dašamī (10th day) will be missed. (In 
that event it will have to be called a ‘baras’ and not the 'dasara) As time 
will pass, it will be made to recede into Sravana, and then it will have io be 
performed on the Sravana naksatra onthel4th tithi or on the lOth tithi asso- 
ciated with Jyesthā naksatra. 


WHO CAN CHANGE THE DHARMASHASTRA ? 


If, however, it be resolved to accept this solution inspite of its being contrary 
to the tenets of Dharmašāstra, the Dharmašāstra will have to be completely 
overhauled. Whois going to do that and how ? Such would be the difficulties 
confronting the reformers.. He, who knows anything about.the works on the 
Dharmašāstra and popular beliefs, will realize that this is extremely difficult. 
to achieve. 


HOW TO POPULARIZE NEW DHARMASASTRA ? 
HOW TO MAKE IT CURRENT ? 

If it be assumed that the Dharmašāstra can be renovated by appointing a 
Committee of Sástris how is the new Dharmasastra to get recognition ? This 
is even more difficult than the above proposal. ‘Even supposing that Sankara- 
cārya approved it or that it was passed into a law, one can hardly imagine 
how very difficult it would be to introduce it into the religious life of the people. 
Our country has hundreds and thousands of Works on Dharma and lakhs of 
their copies are in circulation all over the country ; all these will have to be 
destroyed. If they are repealed by a peremptory order there would still: 
remain works on other subjects which cannot be destroyed. It is preposterous 
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to think of changing a system that still remains recorded in those thousands 
of works and is deeply engraven on the hearts of millions of people. The 
winter solstice which used to occur once in the beginning of Dhaņisthā, later 
on shifted to Uttara Āgādhā ; still, the Dhaņisthādi system continued to exist 
in astronomical works. It is found in two or three works only and its use 
was confined only to a small area and that too for a very short period of time. 
Still even this resulted in deluding an astute astronomer like Varēha Mihira. 
If then a system, which at present has specific naksatras, months and seasons 
for specific religious rites and which found its way into thousands of works 
and has remained in vogue for quite a long period of time all over the country, 
be altered—that is to say, for instance, if the festivai of ‘Dasara’ occurring in 
Āšvina, be decided to be celebrated on the 12th lunar day of Bhadrapada— 
it will take scores of pages to describe what confusion will occur in the minds 


of the peopie at large and what troubles would arise among the ignorant 
section of the public. i 


SUGGESTION WORTH REJECTING 


In short, all things considered, a system which invoives the recession of the 
begisning of the year and other rites gradually from Caitra back to Phālguna, 
Māgha and other months deserves only to be rejected. 


PRACTICAL ASPECT 


Ket us now consider the sāyana and nirayana systems from the practical 
point of view. It is not that the everyday life will be obstructed in the absence 
of the sāyana system. We need not consider, of course, those people who do 
not require any almanac whatsoever in their daily life. Our discussion must 
then be confined only to those who do want some almanac or other. About 
Saka 444, the rainy season used to begin when the sun had crossed about half? 
the division of Ārdrā naksatra; now it starts at the beginning of Mrga. At 
present, the ‘jwari’ which is the staple food of the people living in tke region 
around Barsi and Shoiapur, is sown when the solar naksatra of Hasta is about 
half passed. Itis obvious that about Saka 444 such sowing used to take place 
with the sun in the beginning of Svati. But people do not even dream that 
there ever was a time when the sowing began during the Svati naksatra. People, 
feel as if the rule regarding the sowing of grains in Hasta has been in force 
right from the beginning of creation. If the nirayana system continues in 
future, the sowing operation will have to be done in Uttarà, as time would 
pass on. But this variation is so slow that it will not be perceptible in the 
lifetime of any man or for that matter, even during three or four generations, 
and thus it would come about quite naturally without being detected in the 
least. in the same way almost all the affairs of life will continue unhampered 
even if the sayana system does not come into vogue. 


But marriage is a ceremony intimately connected with everyday affairs as 
well as Dharmašāstra. ít has been already pointed out (page 307) that the 
nirayana system will cause a dithculty in regard to its celebration. It is true 
that it will occur after a considerable lapse of time; but that it will occur is a 
certainty. Even at present, the month of Jyaistha, even though allowed for 
celebrating marriages, is in some years found to be useless because of the rains. 
Let us now see if, on the other hand, the acceptance of the sāyana system 
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would give rise to any difficulty in this matter. Our months are lunar and 
hence, intercalary months are required to be introduced. This fact is very 
favourable for the introduction of the sāyana system. In the time of Julius 
Caesar the length of the year was once required to be extended by some days. 
In the times of Pope Gregory and later in 1752 A.D. in England, an adjustment 
was required to be made by passing a law that the proper date of a certain 
day would be arbitrarily advanced by some 10 or 12 dates. People must 
have found it very awkward. The change was brought about oniy with tue 
help of law. But we need not proceed that way. If an intercalary month 
that is due according to the old Paficanga be omitted altogether and if the 
sāyana Paiicānga be introduced since that month and all intercalary months 
thereafter reckoned on the sayana basis, our purpose will be accomplished ; 
and if ali the almanac makcis Make up their mind, cac viiange win o« od 
most smoothly without embarrassing the people in the least. This is no 
doubt a great facility. Nevertheless,,there is one thing that may still create 
confusion among the people. At present, the sàyana Ārdrā naksatra is ruling 
at the time when the nirayana Mirga naksatra begins, and then the raiūs sct 1n. 
Hence, people will be wondering why the rains do not start even when the 
Ardrā naksatra is half passed, though ordinarily they are due at the beginning 
of Mrga. When the? rainy season is about to begin people would perhaps 
start those agricultural operations at the beginning ofthe sayana Mrga naksatra, 
which they used to oegin at the beginning of thc nirayana Mirga naksatra. 
Thus an obstacle will be created in our every day affairs. However, 1 the 
change is brought about gradually, it will not create difficulties in daily affairs. 
But setting back ail samkrāntis and solar naksatras by 22 days would be a 
very difficuit thing to do. If a change occurs in the dates of such phenomena, 
as Jupiter's change of sign or the sign occupied by the moon, people will not 
notice it. But people will ūūd it rather awkward :o take to sowing in Svātī 
which is usually done in Hasta. The ideas about naksatras and soiar sam- 
krāntis are so deep rooted in the minds of the peopie that any change with 
regard to them would seem more difficult to our people in their daily life than 
the advance of 10 or 12 dates seemed to the Europeans. If some people 
decide to adopt the sayana almanac, it does not mean that all others willat 
once agree to adopt it; and in that case, as the nirayana almanac will still 
remain in use, people will come to understand that the month which they call 
Phālguna will have to be called sāyana Caitra. The solar ingress of Brahma- 
gupta, which used to occur one day earlier, had come into vogue; still, ulti- 
mately it fell into disuse. The solar ingresses of Keropant's almanacs occur 
four days earlier and this is one of the main reasons why his almanac has not 
come into general use. Hence, it will be very difficult to bring into use the 
sāyana almanac which shows solar ingresses as occurring 22 DAYS EARLIER. 
Tnere are no doubt some such difficulties and it is proposed to consider later 
how they can be surmounted. 


ASTROLOGICAL ASPECT 


That the sayana system is acceptable has been so far proved from the 
point of view of mathematical astronomy and muhürta. Whatever is accept- 
able to these two must be acceptable to Astrology (Játaka Skandha) also. It 
is.true that the decision of this point will depend partly upon the question 
which of the two systems yields a horoscope ( or forecast ) that would be tn 
conformity with actual experience Madhava Brahmaji and Jeevan Rao Tryam- 
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teh Chiinast, leu iéscezuce Ci the séyana system, declare that the horoscope 
cast by the sáyara sysun. gives correct results. Again the well-known Eu- 
rcpean asuciogers ci ihe present Gay, zaakiel and Kaphael, cast horoscopes 
only by the sayana system. jin our country the horoscopes are everywhere 
Cast accoraing to the mrayana system. The JYOTIRNIBANDHA, however con- 
tains this quotation from the JĀTAKGTTAMA. 

sad: aad ta ead disk Rar s 

&g Ha: Wear wu: 1 
- “The ‘neech’ is seventh cm the ‘Lecha’. The decision about ‘phala’ 
azesuit) shet.c Ee iek ci the lētais c1 the yana positcrs of planets". 


it shows ibat cvēr cui Cd Writers keia that the sāyana system was accept- 
«able in the natter uf ASIRCLCGY. * Most of the works on ASTROLOGY Were 
compiled at a ume Which tbc ii:i5al poinis ci the sāyana and nirayana systems 
did not dificrn.uch. it nay be ier this reason that they appear to have been 
"«cmpilēd cn the sáyara Lasis. ilus pcini will be more fully discussed later 
in the JATAKA SKANDHA. The author Las come across several people who say 
that they would be prepaica to accept the sāyana system if the horoscopes cast 
On the sāyana basis woule be proved to give correct results. But the author 
thi ks that at is urge. ible t€ ger ccmpiciciy correct rcsuits by either cf the 
Systems. Further n.Oic, the sci nce of asuonomy has not originated for the 
sake ol horoscc pes alone 


THE BEST AND MOST ACCEPTABLE SOLUTION 


The logical aspect of the question considered at the outset would appeal 
to all people at all times and at ali places. Hence, in the light of that consi- 
. deration (1) ihe best solution is to adopt the sāyana system. Yt has already 
been shown above that from the point of view of History and Dharmašāstra 
also, that solution alone is acceptable. This course may cause a slight hindrance 
in our every-day life in the beginning. But the hindrance due to setting back 
the beginning of the year by 22 days will be quite negligible compared with the 
difficulties and mental confusion experienced by people when in the year 
46 B.C. Julius Caesar advanced the beginning of the year at one stroke by 
as many as 67 days at the time of reforming the Calendar. Moreover it has 
been explained above how the intercalary month would facilitate the change 
from the nirayana system to the sāyana system. All that we have to do is 
to introduce the sāyana paticānga from the yearin which an intercalary month 
falls due according to the Grahalaghava but not according to the sāyana 
:System. The tithis wouid be identical by both the systems. There would be 
some difficulty in respect of agricultural work for a few years. But if rules 
are given in the almanacs for some years to the effect that certain agricultural 
operations now performed under certain solar naksatras should in future be 
performed under other naksatras. And if this is put into use for some years 
it will continue for all tinie io come without any break or difficulty. It is, 
however, essential that an authoritative work should be first published from 
which the sayana almanac can be compiled. 


. * Machava Kav brauuji bau published a book entitled Samvatsar Bhavishyamala. 
containirg the forecast for Saka 1806. The predictions in this book were made on the 
sāyana basis. Chitnis has been publishing Jyotirmala, a monthly journal at Bombay since 
May 1895. It deals with astrological questions on the s&yana basis. 
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ANOTHER SOLUTION 


The above solution will cause no difficulty regarding the tithis and naksatras 
required for daily use. But some confusion will arise in the matter of agri- 
cultural work as the solar naksatras indicating the advent of rains etc. would 
be set back by 22 days. The stellar naksatras will create some mental con- 
fusion because they will show a divergence of about 12 naksatras. If, therefore, 
this course be considered as being set with too many difficulties, there is still 
an alternative to it which is explained below. The amount of ayanāmša 
derived from the Sūrya-Siddhānta and allied works for the present times 
(22? for Šaka 1805) should be regarded as constant for all time to come and 
the correct length of the tropical year should be adopted. This will reduce 
the precessional (ayana) motion to Zero. The difference of 22 days which 
affects the seasons at present will thereby remain constant. When a work is 
compiled for calculating the almanac in conformity with this solution no 
obstacle will come in the way of bringing the system into vogue. Neither 
royal mandate, nor the sanction from Saükar&carya rior any other kind of 
help will be required. Just as the Grahalaghava came into extensive use even 
in the absence of the printing press, the astronomical work and the paiicaüga 
compiled on these lines will easily come into universal use. 


It has already been proved above that the nirayana system is not at all 
worthy of acceptance; if, however, it be felt that it is impossible to make the 
sāyana system acceptable and that the nirayana system must need be retaired, 
let us consider whether any one of the three types of nirayana almanacs, viz. 
the Grahalāghava type, the Keropanti type and those by Bāpudeva and others, 
should be accepted or an almanac of quite a different kind should be accepted. 
It has been shown above, while discussing the logical aspect of the question, 
what will be the effects of adopting the length of the sidereal year according 
to the Sürya-Siddhanta and others. Hence, anyone will agree that this should 
be abandoned and the true sidereal year should be adopted. It is the view 
of Bapudeva that the length of the year should be taken according to the Sūrya 
Siddhānta and the almanac should be compiled on the basis of the correct 
motions and positions of planets, and Raghunāthācārya too appears to 
hold the same view. The only object of this suggestion is that if the beginning 
of the year is reckoned according to the S.S. the difference in the ayanāmša 
does not become perceptible. Thereby the solar ingresses and the intercalary 
months will occur as before, and there will be no difficulty in making the 
almanac acceptable to the astronomers as well as the public. There does not 
appear to be any other object underlying the suggestion. But if there be a 
solution which accomplishes the above object and at the same time ensures 
the adoption of the correct length of the year, Bapudeva and. others will no 
doubt readily accept it. Keropant on his part holds that the correct sidereal 
year should be adopted; but he also holds that the star Zeta Piscium should 
be taken as the initial point. But that would result in the divergence of solar 
ingresses by 4 days and the intercalary months also would be different; and 
on account of this Keropant's almanac has not become popular. it is true 
that the star Zeta Piscium was near the first point of the Zodiac about Saka 
444; but the S.S. does not give zero as the longitude of the star Revati: it is 
359° 50' that is 10 minutes less. Zalla has assumed 359? as the longitude of 
Revati, which is one degree less. Brahmagupta and the later astronomers 
have assumed the longitude of Revati to be zero. It has been, however, clearly 
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shown that neither Zeta Piscium nor any other star can for ever coincide with 
the first point of the Zodiac according to them or any other work (page 
218). Itis no doubt true that it was the intention of Brahmagupta and later 
authors that Zeta Piscium should be taken to be at the initial point. The 
asterism of Revati contains 32 stars. If a star be found in this group whose 
distance from the equinox of this date be almost equal to the ayanām$ša of 
the present day, as derived froin different works and if Brahmdgupta and all 
other astronomers were living to-day, they would gladly have agreed to accept 
the star as the initial point and to adopt the correct sidereal year. Keropant 
does not appear to have read the history of the shifting of equinoxes as recorded 
by all our astronomical works. While introducing his almanac he did not 
take care to see if the almanac would be acceptable to the public, when the 
time of the sun's ingress was set back, because of the adoption of a smaller 
fgure for ayanāmša; and there was no reason why that idea should have 
struck him at that time. It, therefore, seems that he did not try to see if there 
can be a solution by which even if the correct length for the nirayana year be 
adopted, the change would not be perceptible to the general public. It is 
found that there is such a solution. The star group of Revati has been des- 
cribed by our works as forming a Mrdaīga (tabor). It includes a star whose 
distance from the equinox in the beginning of Saka 1809 is 21° 32' 57". It is 
much nearer to the initial point of our Siddhàntas than the star Zeta Piscium. 
It has already been given in a table (page 292), the figures representing ayanām- 
$a according to different works derived on the basis of the length of the year 
adopted by them. They vary from 21? 56' to 22? 3'. If the mean sun be 
taken into account they will be found to vary from 22? 4' to 22 18'. 1t has 
also been pointed out above ( page 291 ), that looking to the current practice 
in our country, the ayanam$a adopted at one place in Saka 1809 is 22° 45’, 
at another place it is 22° 44’ and it is 20? 49’ at still another place. Hence, 
„if the above mentioned star be accepted as the initial point, the ayanāmša 
for Saka 1809 will be 21? 33'. This amount is very near to all those mentioned 
above. This (star) is as useful for observation or for mere gazing as Zeta 


* Piscium so far as luminosity is concerned. Another facility offered by this 


Star is that while 11 stars will be found misplaced if Zeta’ Piscium is taken as 
the initial point, only seven* will come to be raisplaced if this star is substituted. 
Hence, this star should be adopted as the initial point and its distance from 


* equinox adopted as ayanàmáa or else the star Spica is very useful for observa- 


pe 


tion. The 5.5. gives 180° as its longitude. It is surmised that ancient astronomers 
might be determining the positions and motions of planets after comparing 
their observed co-ordinates with this star. Hence, supposing the longitude 
of Spica to be 180°, the point at a distance of 180°, should be taken as the 
initial point. As tbe sāyana longitude of Spica in Saka 1809 is 6 signs, 22? 16', 
the ayanāmša for Saka 1809 would be 22° 16'. This figure also is very near 
to all the values mentioned above. If the initial point be adopted in the light 
of this discussion only seven or eight stars will be found misplaced. In short, 
the ayanāmša for šaka 18C9 should be assumed to be either 21? 33' or 21? 16'**. 
The ayana motion should be adopted at its true value 5075 seconds and the 


* The accurate longitudes (aocording to Keropant) of junction stars which have been 
given on page 308/309 are their distances from Zeta Piscium. This star is about 3°15’ ahead 
-of Zeta. By adopting this star as the initial point, all those stars, except Uttarā Bhādrapadā, 
before which the word ‘in advance’ is written will be found to be in their respective ‘regions’. 
Only seven will be found misplaced and of them Jyesthā will fall behind by only 2 minutes. 


** This part of the book was first written in Saka 1810.Hence all calculation has beoa 
made for Šaka 1809. 
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year-measure should be the correct length of the sidereal year, that is, 365d- 
15gh-22p-S3vp. l 


THIRD SOLUTION 


This solution is the best of all those exemplified by all the current almanacs, 
and if the above two ways of adopting it, as also those of Keropant, Bāpudeva 
and Raghunāthācārya, and the sāyana system be not acceptable, then it is 
better that this third one be followed. If it is followed there will be a variation 
of only a few ghatis in the occurrence of the solar ingresses, and there will be 
agreement in the case of almost all the intercalary months and there will be 
practically no difference. It is, therefore, sure that this second solution wil! 
be welcomed and when a new Sanskrit work following this system and tables 
simplifying the calculation of tithis on the lines of the Tithi Cintāmaņi are 
compiled, the system will very quickly gain currency. Had any one suggested 
this solution to Keropant he would have accepted it readily. This method 
differs from the one he has adopted for the Patwardhan almanac only in this 
respect that another star will be substituted for Zeta Piscium as the starting 
point. As the object of Bāpudeva and Raghunāthācārya would be ful- 
filled in this way, even their followers would approve of the proposed method. 


The second and third solutions mentioned above differ from the cie al- 
manacs only in point of length of the year and the adoption of correct motions : 
and positions of planets. lf an almanac compiled on these lines is given to 
any 'sensible person, he will perceive in it nothing unacceptable or different 
from the old ways. In short there can be no objection whatsoever to bringing 
into practical use any of the two solutions. . 


New WORK NECESSARY 


The discussion about the three solutions and the discrepancies already 
shown (Page 295) as occurring in the planets’ places as calculated from the 
Grahalāghava, clearly show that there is the need of a new work being compiled 
which will give the correct positions and motions of planets. The Fianetary 
Tables compiled by Keropant is a work which gives tolerably accurate positions 
and motions of planets, if not quite as accurate as those given by the English 
Nautical Almanac. But because it has adopted the length of the year as in 
the S.S. and the planetary positions are sāyara, the work is absolutely of no- 
direct use to the followers of any of the three systems. It will, however, 
prove helpful to any one in compiling a new work. The new work should 
be compiled on the basis of those works which have proved helpful in compiling 
the English or French Nautical Almanac. Considerable difficulty will be 
experienced in using them, since those works are written in French, the 
planets’ places obtained from them are sayana and the system of caicuistng 
the length of the year is also different from that of ours. It is, however, 
possible to compile one in metrical form and in Sanskrit. It should contain 
mathematical tables to help calculating planets' places from them, with as 
much or even less pains than those required with the Grahaléghava. 1n 
addition to this it is necessary to have tables on the lines of the Tithi Cinta- 
mani by Gane$a Daivajīta to facilitate the calculation of the ending moments 
of tithis, naksatras and yogas in ghatis and palas. It is also possible to 
prepare them. When these two works are prepared, the task of bringing 
into use any one of the three, especially one of the last two systems into use, 
will be considerably facilitated. It is informed that Venkatesh Bapuji 
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Ketkar has compiled a work with the help of which an almanac like the cne 
by Keropant could be compiled. But that work has adopted ayanāmša 
from Zeta Piscium and hence it appears difficult to introduce it for everyday 
use. Babaji Vitthal Kulkarni* has compiled a work similar to the Grahalā- 
ghava ; but it is told that he has adopted in it the length of the year according 
to the S.S. and the planets’ places obtained from it are sayana. Hence, it is 
of no use to any of the systems and unlikely to gain currency. Neither 
Bapudeva nor any of his disciples is known to have compiled such a work. 
Raghunāthācārya has compiled a work (page 182), but it is not known, 
what yeai-nieasure has been adopted by it, and if any almanac, foilowing 
any of the three methods described above, could be compiled from it. in 
short, a work of the desired type is not at present available. The autbor 
desires to compile one and is trying with that end in view. He hopes that 
his endeavours will be crowned with success by the grace of God. 


(3 THE ADHIKARA ON THREE PROBLEMS 


The Adhikàra on three problems is so called in our astroncmical works 
because it deals with the questions of direction, region and time. The method 
of ditomiming directions ie given in it in different ways. It is expinized how 
to find the ascendant for a given moment or conversely the unknown moment 
from the given ascendant. The calculation by other methods is also possible, 
e.g. four shadows, etc. The question of ‘desantara’ (longitude) from Ujjain 
is usuaily Geait with in ilic chapter on mean motions and therefore omitted 
im this chapter. It, however, contains methods for finding the distance of a 
place from the equator, that is, latitude. The question of shadow is dealt 
with at considerable length. For calculation, a gnomon 12 ‘afgulas’ long, 
is taken as. the unit while determining the length of the shadow. What will 
be the length of the shadow cast by a gnomon at a given moment and in what 
direction it would fall, and what would be the length and direction of the 
shadow cast by the Sun (or a planet) posited on any side of the nomon, and 
such other questions are included under ‘‘determination of shadow”. The 
authors preceding Bkāskarācērya have given only the method of calculating 
the shadow cast by the gnomon in an East-West, North-South, and the 
(four) intermediate directions. Bhāskārācārya alone has described the 
method .of finding the shadow cast by the gnomon when the sun stands in 
any direction with regard to it. And on this point he proudly remarks : 


Sanskrit 
esam TAT: fra gar: gd: garumu 
Wie wih GUTTA AT: RU vēja mm? lt 
qr UTT a aaa dt ad gr ufa 
salfafageanaeqaenmesTed ATT vYYa 
faarakroatt, ferri. 


*Kulkarni has compiled works entltled Karaņa Siromani and Graha Jyotsnā. I have 
mot seen them and hence more information about them cannot be given. These works 
are not printed. I understand that Keropant Nana had a high opinion about these works. 
Kuikarni was born in Malvan .n Bāka 1767 and died n Saka 1815. He was in service in 
the Education Department in Ratna agi iri District from 1865 to 1875 AD.. and, later on in 


the Revenue Department till the en He had also written a book showing the positions. 
of stars which was printed in 1886 A.D. 
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Time is determined from (the length and direction of) shadow cast by 
the gnomon. The shadow is, however, mainly useful in setting up the ‘Nalika’ 
sighting tube before observation. Following is the main method of setting up 
the ‘Nalika’ for observation :—To determine, beforehand, by calculation from 
the astronomical works the length and direction of the shadow likely to be cast 
by the gnomon when set up in the light of the sun or any planet at a particular 
moment and then to set the sighting tube in that position for observing 
the planet. If the planet be observed in that position, then the position 
calculated from the book would be considered correct. 


Palabha is the name given to the length of the shadow cast by the twelve- 
afgula gnomon at any place on the equinoctial day. Palabhā forms the 
base, gnomon the perpendicular and the line joining the extremities of the 
gnomon and the shadow, the 'aksa-karna' (hypotenuse). The area bounded 
by this right angled triangle is termed ‘aksa-ksetra’. This region of ‘akga- 
kgetra has much importance in our astronomy. At many places, the 
measures of diiīerent items are calculated by drawing another figure similar 
to this ‘aksa-ksetra’; and the Adhikāra on three problems devotes ‘much space 
to problems associated with such figures. 


A list of latitudes and longitudes of some cities given in the Siddhanta-- 
Tatva-Viveka has been given (page 163) 


Malayendu Suri, a commentator of the JFantrarāja, has given latitudes 
of 75 cities. Thé work has been printed and the latitudes are of some cities 
that have been engraved on the instrument devised by Sakharam* Joshi, 
referred to before (in the footnote on page 233) :— 


City O a City O £ City O 

Sr.rangapattan 15 27 Janasthan 20 12 Mathura 26 36 
(Nasik) 

Bijapur 16 42 Bradhnapur 21 0 Madava 27 0 
(Burhanpur) 

Karavir 17 21 Ujjain 22 37 Indra-Prastha 28 40 

Saptarsi 17 42 Ahmedabad 23 0 Kuruksetra 30 0 

(Satara) 

Nandigram 18 26 Varanasi 25 36 Kashmir 35 0 


Lists like the above are now of no use, since the British Government has 
determined very accurate latitudes and longitudes of thousands of places 
in this country. It will, however, be seen that our people had made efforts 
in that direction and one can also judge how accurate it was. 


€ 


*There is a commentary on the Pratod Yanira by Sakharam, wherein latitude 17 4V 
50° ha: been taken for working out examples. And Sakharam Joshi of Kodoli has also 
given 17° 41' 50" as the latitude of Satara. A copy of the commentary was obtained at 
Ashta in the Satara District. This indicates that the commentary definitely belongs to him. 
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(4), (5) ADHIKĀRAS ON ECLIPSES OF THE SUN AND 
' THE MOON 


That the cause of the lunar and solar eclipses is not the demon Rāhu, 
but the earth's shadow in the case of tbe lunar eclipse and the moon in the 
case of the solar eclipse, was known since the times of Varāhamihira and 
Aryabhata who are the oldest known ‘human’ authors of astronomical works. 
While declaring that he would describe the cause of the eclipses in such a 
way as would reconcile the teachings of the Srutis, Smrtis and Jyotiga Samhita 
with the astronomical theory, Brahmagupta* observes "Ràhu entering the 
earth’s shadow envelops the moon in the lunar eclipse, and entering the Moon, 
it envelops the Sun at the time of the solar eclipse", and Bhaskaracérya** 
«also has explained the phenomena in the same way. 


PARALLAXES 


The parallax of the moon has to be taken into consideration in the case 
-of the solar eclipse. Our works regard the maximum value of parallax as 
equal to 1/15 of the planet’s motion ; which means that the maximum mean 
parallax of the moon is 52’ 42” and that of the sun is 3'56' ; compared with 
the findings of modern astronomy there is only a slight error in the value 
of the moon’s parallax ; but that of the sunis very much mistaken. Modern 
‘discoveries show that the maximum value of the equatorial horizontal parallax 
as 57' 1" for the moon and 8.6” for the sun. 


Hipparchus has determined} 57’ as the moon’s parallax and 3’ as that of 
the sun, while Ptolemy had found it to be 58’ 14" for the moon and 2'51' for 
the sun. It shows that our people have not taken these values from either. 


Owing to the brilliance of the. sun, the eclipse is not visible even if the 
‘twelfth part is eclipsed ; whereas in the case of the moon, the eclipse is 
visible even if the sixteenth part of the lunar orb is eclipsed ; Bhāskarācārya 
has remarked that an eclipse should not be declared if its calculated magnitude 
comes to be less than this. Almost all other writers have similarly observed 
that the eclipse becomes invisible, more or less within the same limits of 
observation. But on 19th August 1887, there was a solar eclipse and the 
magnitude of the eclipse was 7/100 at Gwalior, i.e. equal to about the four- 
teenth part of the solar orb. It was seen by Visaji Raghunath Lele with 
naked eyes, as also through a glass smeared with lamp-black and it was seen 
quite clear. He, however, found that it was very risky to see such a small 
ea with the naked eye, for the eye-sight is likely to be very much im-- 
paired. 


(6) ADHIKARA ON SHADOW 


Some Karana works do not give a separate adhikāra to this subject. The 
"Grahalāghava has given it separately. The chapter usually deals with the 
calculation of daily rises and sets of all planets (except the sun), the time of 
their remaining above the horizon i.e. length of their diurnal arcs, the length 
-of shadow at any desired moment, observation etc. 


*See couplets 34-48, Golādhyāya in Brahma Siddhānta. 

**See verses 7 to 10 from Giahata Vasani, in Siddhānta Siromani, 

tSee page 127, of the Translation of S.S. by Burgess. Whitney suggests that these 
values, were borrowed by Hindus from the Greeks, because the two agree rather closely. 
But this ls simply a biassed view. Any sensible person will admit that in a case like thls 
a he difference of even a few minutes must be regarded as considerable. 
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(7) HBLIACAL RISING AND SETTING 
(EMERSION AND ĪMMERSION) 


The heliacal rising and setting of planets is a matter of great importance 
in our country. Religious rites like those of marriage etc. are forbidden 
when Jupiter and Venus are set. This has mainly raised the importance 
of this subject and it is believed to be one of the means to test the accuracy 
of astronomical calculations in the light of observation. 


When planets and stars are in the proximity of the sun, they are not 
visible before sunrise and after sunset, even though they are themselves on 
the horizon and the sun has not appeared above the horizon. The planets 
and stars thus continue to remain invisible for a week, a fortnight or for some 
months. After the stars and planets first become visible, their distance 
from the sun gradually diminishes till at last a day comes when thev become 
invisible. They are then said to have ‘set’ on that day. Again, after they 
first become invisible being¥near to the sun, their distance from the sun begins 
to increase gradually, till a day comes when they emerge from its light and 
become visible. This phenomenon is termed the ‘rise’. The diurnal pheno- 
menon of the appearance and disappearance above and below the horizon 
of the stars and planets is called the *udaycsta' (i.e. rise and set) ; and their 
disappearance due to their proximity with the sun and reappearance,—these- 
phenomena also are termed 'asiodaya” (i.e. set and rise). It will thus be 
seen that the words ‘rise and set’ are used in two senses. Tt is desirable that 
the two phenomena should be known by different names. These are 
distinct terms in the case of the moon. During the dark half of the month 
as the moon gradually approaches the sun, her distance diminishes, till on the- 
new moon day she disappears and then makes her first appearance in the 
west on the first or second lunar day after the new moon day. The pheno- 
menon is.then called Candra-dašrana (first appearance of the moon). They 
do not characterize it as the rising of the moon. It is similarly desirable 
to speak of the first appearance of stars and nlanets after they have disappeared 
owing to their nroximity with the sun, as their ‘darsana’ (emersion) and their 
first disappearance as the *adaršana” (immersion). But most of our astro- 
nomers have indiscriminately used the terms *Udayāsta” (rise and set) even 
for the phenomena of appearance and disappearance due to their nearness 
to the sun and the same terms are in use at present. People give much 
consideration to the daily rising and setting of the moon and it is very necessary 
for them. Similarly people use to notice its first appearance when it is very 
near the sun ; hence in her case they naturally found it neeessary to use 
different terms for the two phenomena. But no one ever cares much to 
think about the daily rising and setting of nlanets and stars ; and hence 
it appears that they began to apply the term *'rise and set" to their appearance 
and disappearance depending upon their proximity to the sun. 


Social rites like the thread ceremony and marriages and so also penances, 
house foundation, etc., are not performed wben Jupiter and Venus are ‘set’. 


tat qud ra SUUTSIUT aT 
darit anaa iaaa: fr dre u 
Seia afenafafiratieqaau Rear 

qat: ufa: summa fazarafaret faeafatead ar 
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art ar afk qp Tt atkrit TĀ nana Saath astig qeu 11 
agefā. 


"Good people should as far as possible avoid performing social and 
religious ceremonies like *Sanyās” (initiation into Sanyāsī life), piigrimage. 
to a holy place, penance, perforation of ears, thread ceremony, marriages, 
etc., when Jupiter, the preceptor of gods, is in its fall or retrograde, has very. 
swift motion, is in its 'childhood' or ‘old age’, or occupies the sign LEO. 


—Lalla 


“Visiting temples (places of gods) for daršana should not be undertaken 
if Venus or Jupiter are very young or very old, or if they are ‘set’, for these. 
conditions are as inauspicious as the intercalary moríth". 


—Brhaspati 


Fhe compilers of works on Dharmašāstra have made these and similar” 
other statements. Now-a-days cercmonics like marriage are postponed 
only when Jupiter and Venus are ‘set’ (heliacally). No one generally cares. 
to know their positions, like fall, retrogression or very swift motion. Anyway, 
of all the planets and stars the ‘setting’ of only Jupiter and Venus, is taken 
as unfavourable for the performance of religious rites. These two planets 
are far more brilliant than the other planets. As for the naksatras some 
naksatra or other is always set. The set of Mercury occurs about six times - 
during a year. The ‘set’ of Mars occurs after a long period ; but once it is 
set, itis not visible for five months. Hence the fact that the ‘ sets’ of  Metcury,. 
Mars and naksatras are not treated as impediments to the performance of 
religious rites shows the tendency of Dharmašāstra to remain in harmony 
with practical life. Again, it should also he borne in mind that the compilers. 
of Dharmašāstra did not consider whether to accept or reject the ‘set’ of Saturn 
for daily affairs, even though it did not come in the way of practical life. Its. 
set may not have been considered worth rejection because it happens to pe 
a malefic planet. 


A planet that is due to ‘set’, rises in the east, actually sets (heliacally) when 
the difference between the moments of sunrise and that of the planets’ daily 
rise becomes less than a particular amount of time and it rises (heliacally} 
when such difference exceeds that amount of time. Similarly the planet’s 
rise and set in the west are goverhed by the difference in the moment of 
sunset and that of the planet’s daily setting. Rules like these had been 
framed by our ancient astronomers. For example, Jupiter rises or sets. 
(heliacally) when a difference of about 110 palas occurs between the moment 
of the daily rising and setting of the sun and Jupiter. The diurnal rotation 
of the earth carries the planets through 1? in 10 palas which gives 11? in 110 
palas. Because these degrees (amšas) are related to time (kala) they are 
termed 'Kālāmšas” (time expressed in degrees) It has been mentioned that 
when a difference of 11 *kālāmšas” occurs between the sun and Jupiter the 
latter either rises or sets. The followiog table gives the Kālāmsas relating 
to planets, as mentioned in different works :— 
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"Moon 12 12 12 12 12 12 12 12 12 122 
Mars 17 17 17 17 17 17 17 17 17 14$ 17 
+ 
Mercury ` , 13 14 13 14 13 13 13 13 13 114 13 
Mercury 12 12 12 123 12 
(Retro) 
„Juplter . M | 11 11 11 11 11 12 12 11 11 12ž 11 
Venus , m 9. 10 9 10 9 8 9 7 9 5 8 
Venus , 3 $ 8 8 74 6 
(Retro) l 
Saturn . x 15 15 15 15 15 15 15 15 15 14 15 


Out of these, the Kālāmsas of PTOLEMY*, are true for the planets when 
they are situated in the sign of Cancer and those for Mercury and Venus are 
related to their western sets. 


The kalaméas given by Keropant in his Planetary Tables are the same 
as those given by the Arya Siddhànta. He does not appear to have given 
them as determined by his own experience since they are not found completely 
to agree with observed results. 


The compilers of the almanacs, published by Ganpat Krishnaji and the 
Nirnaya Sagar Press, calculate the rise and set of only Venus on the basts 
of the Kālāmšas of the Grahalāghava. The times of the rise and set of all 
other planets in these almanacs and even those of Venus in other almanacs 
following the Grahalāghava system, are calculated by a crude method given 
by the Grahalaghava. Other almanacs in this country may be finding the 
rises and sets of planets on the basis of Kālāmšas given in the works which 
they may be adopting as their authority. The new almanacs compiled with 
the help of the Nautical Almanac viz. the Keropanti i.e. Patwardhant 
Paficānga that by Daivaji at Varanasi and our sāyana almanac find the times 
of the rise and set on the basis of kālāmša figures given by some ancient work 
‘or other. Not all the timings thus ealculated are found to be correct in the 
case of any almanac. Some of them are correct and some are not. Now 
it is true that they are not as often wrong in the case of the new almanacs 
as in that of the old ones. 


*See page 223, Translation of the S.S. by Burgess. 
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Some persons begin to maintain, therefore, that the calculations of even 
the new almanacs are at times as wrong as those of the Grahalāghava, simply 
because some of the timings in the new almanacs appear to be incorrect, 
without caring to consider why they seem to be incorrect. It cannot be 
argued that the calculations of the new almanacs are erroneous because the 
times of rises and sets given by them are not sometimes found to be correct. 
It can be proved from plenty of other evidence that their calculations are 
correct. The reasons for the failure of such timings are quite different. The 
main reason for the failure lies in the error in the Kālāmša adopted. The 
planetary places as obtained from the Grahalāghava are at present found to 
be always erroneous to a certain extent. If the rises and sets calculated from 
it are sometimes found to be true it is merely by coincidence. In order to 
determine the Kālāmšas for a planet, either the difference in the moments 
of day to day rises and sets of the sun and the planet should be actually 
observed ànd recorded or they should be determined by calculation on the 
basis of the calculated positions of the sun and the planet. The sun, however, 
is immediately visible when it comes to the horizon. But the chance of 
observing the rise or set of a planet lasts for a short time before sunrise or: 
after sunset. But as there is twilight at that time no planet is visible when 
it is on the horizon ; it is visible only when it is somewhat above the horizon. 
Hence, the difference in the daily rise or set of the planets and the sun cannot 
be found correctly by actually observing them. Even if it were possible to 
have some means by which to find them, there was no possibility of people. 
in ancient times possessing fine instruments for measuring time and angles. 
with great precision as at present. Again, in order to find by calculation 
the difference in times of the day to day rises and sets of the sun and the 
planets from their positions at heliacal rises and sets, it is necessary that the 
positions be very accurately known. If it be correct, in other words, if it be 
accurately known that a particular planet is occupying a certain position 
or is situated at a particular distance from the sun, the time would be correctly 
‘calculated. But we do not think that in those ancient times when the 
Ķālāmšas were determined, the calculation of planets” places used to be 
extremely minute-in fact, so minute that there would be no room even for the 
error of a ‘pala’ in the timing of daily rise and set. 


On account of these reasons, there was every possibility of errors having 
crept into the kālāmšas determined in those times. If the kālāmsas that 
are the very foundation of determining the (heliacal) rise and set, be erroneous 


[4 
how could the times of tbe rise and set calculated on their basis found to be 
correct ? 


In the sāyana almanac we adopt 11 as the kālāmša for Jupiter ; hence, 
we can say for certain that the difference in moments of the daily sets of 
Jupiter and the sun is definitely less than 110 palas on the day which the 
almanac has shown as the day of Jupiter's heliacal setting and can be verified 
'and found correct by other means. But it is a difficult question altogether 
whether Jupiter will definitely set on that day on which the difference in times 
of the daily sets of Jupiter and the sun becomes less than 110 palas. Perhaps 
the set might take place a day or two earlier or later, and even it so happens 
it does not follow that the calculations of the new almanacs are wrong. It 


can, at the most, mean that the kālāmšas of Jupiter ought be Changed to a 
quantity more or less than 11°. 
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In the present times we have the means to test the accuracy of the piaces 
Of planets and instruments to record the time correctly. The Kālāmšas 
should be determined in such times. An attempt was made to do this for 
six or seven years up to Saka 1811 ; but later on the author did not get leisure 
owing to several other pursuits. His eyesight too began to grow weaker 
gradually, but still he is carrying* on the observation work to some extent 
personally and with the help of keen-sighted students. 


Mr. GOPAL BALLAL BHiDE**, a member of the group interested in thé 
sāyana almanac, helped him much by his efforts in this direction. The work 
of finally determining the rules for the heliacal rise and set of planets, aiter 
coordinating the results of all our observations has not yet been completed. 
The rises and sets of Saturn usea to occur mosuy 1n ine rainy season or aoout 
that time during five years preceding Saka 1811 and hence we did not get 
an opportunity for observing them. We got the chance of observing the 
phenomena about Mars only once or twice. If any of the readers feels 
inspired by this and communicates to him his experiences in this subject, 
he would be doing a great servite to the Science of Astronomy. The sky 
js sometimes cloudy even' in summer ; the planets when they are on the 
point of rising or setting, are situated very close to horizon. Many such 
obstacies come in the way of taking observations. It has, however, been 
gathered from experience, that the kālāmša mentioned in our old works 
are tolerably accurate. It is true that Mercury and Venus appear brighter 
when they are retrograde; however, the variation in their kālāmšas mentioned 
by some works as due to their direct or retrograde motion is far from correct— 
as a matter of fact one may safely say that the variation is next to nothing. 


A NOTEWORTHY PECULIARITY 


A peculiarity relating to rise-and set has come to the notice, which had 
not struck any author of our ancient works. When planets are about to set 
«Or rise heliacally, they are situated very near the sun. Their visibility depends 
upon their luminosity ; and the luminosity varies according to their altitude 
4.e height above the horizon ; and even if the time-interval between the 
planet's diurnal rise and sunrise be the same at different places on the earth, 
still the altitude of the planet would be different. Its altitude at a place in 
latitude of 25° North would be less than that at a place in latitude 15° North 
and accordingly the luminosity wil be less ; and its (heliacal) rise in 25? 
North latitude will take place some days after it has occured at a place in 
North latitude 15°, while its set will take plaee earlier. It can be mathe- 
matically proved by means of a diagram that even when kālāmsas be the 
.same, that is to say, even if the time-interval between the daily rise or set of 
a planet and that of the sun be the same, their altitudes and hence their 


*The author had written an essay on the subject of rise and set of planets in the 
Srisktijnan, a monthly Journal formerly published in Bombay, in the issues for May, June 
-and July 1855. A chapter on the same subject, in his book Jyotirvilas may also be seen 
in additlon to this. 


**Gopal Balla] Bhide used to take a keen interest In observing celestial phenomena. 
He was born ln Saka 1778 at Nirvedi, in Ratnagiri District and died in Saka 1812. He 
was in the service of the Education Department in that district from 1874 A.D. to the end. 
. He had recorded several observations about the rises and sets of planets, and had also seen 
the rises and sets of the junction stars of some of the naksatras. Had he lived longer, he 
"would havé been of great use in promoting the cause of the Sclience of Indian Astronomy. 
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<{heliacal) rises and sets will vary with the latitudes of different. places ; but 
it is not proposed to do so here for want of space. it will be easily understood 
from wnat follows. Tne twuight lasts tor a ionger time in Hngiand than in 
Our country. If Venus, for instaace, rose (diumnauy) 32 um. carucr thos the 
sun on a particular day (that 1s, if its. kātamsas were 8), ıt wouid be visible 
in our country on that day, but will not be visible in England, even though 
4t rose there 32 min. earlier than the sun, wtucn means wiat its heliacal rise 
Will nuc Uccur ihai day, but a nuiuüer ui days dilcrWards. ii Venus nas a 
nortu declination, and if it rises 32 min. before the sun in our country, it will 
have its daily rise in England more toan 32 mun. earlier. This means tnat if 
we consider only the kālāmšas, Venus suould rise heliacal some days 
earlier in England than in india ; but experience wiil show a contrary result, 
Even au ine same given piace, aithougi wie Kalāīēša given ior a pianet De 
the same, its altitude will vary according to its ēeciinauon, north or south. 
The variation in this case will not, however, be cousiderabie. ku suort, the 
.kālāgisas for a planet snould increase 1,41 value as tne terrestrial latitude rises 
.higue: orth of equator ; and secondly it ıs better vo estabiish tne ruies for 
heliacal rise and set on the basis of aititudes rather than that of 
kalàmáa. 


Y. 


‘hese considerations about the factor of altitude and the author's own 
expeiicace at Barsi (lat. 18° 13') have convinced him that the kālāmšas 
mentioned in our old works were determined in our own country. As for 
kālāmšas of Ptolemy it can be easily seen that they had no connection what- 
ssoever with our works. On the contrary it can be said about Ptolemy's 
kālāmsas that they had not been determined through experience, or if deter- 
mined, the positions of planets on which they were based were erroneous, else 
he might have committed some other error. The kālāmsas of Mars, Mercury 
and Venus do not amount to anything less than 16°, 12*, and 8? at 18° north 
latitude. These must therefore, be greater at Alexandria (latitude 31° 13'N). 
Hence, it follows that the kālāmšas of Mars, Mercury and Venus mentioned 
-by Ptolemy as 142^, 114°, and 52* are considerably wrong. The kālāmšas for 
rise and set, as also the altitudes, true for a particular place can be determined. 
with precision. Even when they.are so determined, the experience regarding 
kālāmšas will be found to vary because of moon light, tbe reddisb light seen 
.at times near the horizon and the relative strength of the observer's eye-sight*. 
The clouds too serve as another obstructive factor. Hence, it was proper 
that our authorities on Dharmašāstra have recommended the omission of 
few days after and before the mathematically obtained days of planets' rises 
.and sets, because of ‘childhood’ and ‘old age of the planets. 


* 


* The kālāmšas which are based on actual experience and which are used 
for the sāyana almanac have been given above. It is the experience of G. B. 
Bhide at Hedavi (lat. 17° 20'N), that sometimes the kālāmša of Mercury 
at the time of rise or set is 11° that of Jupiter 10° and that of Venus 
is 7%* 

*It has been my exper ence that if a weak-sighted person may not be able to seethe rise 
of a planet even for three or four days after it has been seen by a keen-sighted person the 


times of rises and sets are more likely to go wrong when the difference in the motions of the 
sun and the planet is very small. 
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(8) 'S&NGONNAT!' 
OR 
ELEVATION OF THE MOON's CusPs 


A very small portion of thé moon's disc is illuminated in the first week of” 
the bright half and the second week of the dark half of the month. It is 
termed Sriga (horns) or cusp (of the moon). The subject matter of the chapter 
on Sragonnati is to find what end of the moon’s cusp would appear elevated 
and*n what direction and what part of the moon’s disc will be illuminated 
on the earlier days of the bright half at the time of sunset and on latter days 
of the dark half at about sunrise, and particularly on the first or second lunar 
day of the bright half when the moon's first appearance takes place. The 
Samhità works discuss at great length the effects due to the elevations of the 
moon’s cusps. The moon becomes illuminated because of the sun, and the 
moon's cusps will appear elevated on that side on which the sun stands. This 
has, of course, nothing to do with good or evil events on the earth ; but it 
is natural for such beliefs to gain ground when the real causes are not knows. 


- 


(9) CONJUNCTIONS OF PLANETS 


When two planets come very close to each other, they are said to have 
formed or come into CONJUNCTION. At that moment, the distance between 
them measured east to west, must be zero. Even then there may be some 
distance between them, north to south, according to their latitudes. When 
at the moment of conjunction, their rays are found to intermingle, or when 
their north-south distance is found to be less than 1°, they are said to be havin 
yuddha (fighting), and if the distance exceed 1°, they are said to have forme 
a Samügam companionship). If the discs of planets would simply touch, 
they would be said to have “grazed” i.e. formed an ‘ullekha’ and when the 
discs penetrate each other, they are said to have formed a bheda’ (i.e. penetra- 
‘tion or occultation). The results of ‘bheda’ and. other types of conjunctions 
are described at. length in Samhita works. The definition and calculation 
of the ‘bheda’ type of conjunction are given in our works. It is, however, 
not known if our people knew the penetration of the sun's disc by Venus 


(Pages 163-164). 


(10) BHA-GRAHA-YUTI 
OR 
CONJUNCTION OF PLANETS WITH STARS 


LONGITUDES AND LATITUDES OF STARS 


. This chapter describes the calculation of the conjunction of planets with 
the junction-stars of naksatras and for this purpose lists of polar longitudes 
and latitudes of junction-stars and of some other stars are given. The figures 
denoting longitudes are generally corrected by "ayana-drk-karma-sanskrta"' 
i.e. they are governed by the following conventional definition. "BHOGA' (longitu- 
de) is the ecliptic arc between the initial point and the point where the perpendi- 
‘cular drawn from the star to the celestial equator cuts the ecliptic and the sara 
(latitude) is the distance of that point from the star.. Let us call such longitudes 
and latitudes, polar longitudes and polar latitudeš.. The longitudes and 


wee 
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latitudes in certain works conform to this definition. BHCGA (longitude) 
is the ecliptic arc between the initial point and the point where the perperdicular 
drawn from the star to the ecliptic cuts the ecliptic: and the perperdicular 
so drawn is the Sara (latitude). The pole of the ecliptic is also known as 
Kadamba. Let these longitudes and latitudes be, therefore, called ‘KADAMBA- 
BHIMUKHA' (facing the pole, kadamba). On pages 338 and 339, later on, 
have been given the polar latitudes and longitudes of stars, as. given in six 
works. The polar longitudes and latitudes of those* stars which in the author's 
opinion, should be regarded as junction-stars are also given. The correction 
due to 'ayana-drk-karma' is not always the same owing to the shifting of the 
eginoxes. Hence the polar longitude of a star will not always remain the same. 
lt may be partly due to this reason that the longitudes of stars mentioned in 
six works, which have been given below differ from one another to a certain 
exteut ; some differences may be due to the fact that different stars might have 
been adopted as junction-stars. The dhruvas (polar longitudes ard latitudes) 
mentioned by the Sūrya-Siddhānta, Brahmagupta Siddhānta ard Lalla Tantra, 
belong to a period when the amount of ayanāmsa was exceedingly small. 


About this BHĀSKARĀCĀRYA remarks: 


RTA SIT FASATA BTL AT: d 
HAAN Het are: AA Ta ates: y Von 
* fagtafatraty, nagai. 


“Thus have been mentioned (in the absence of any ayanāmšas) polar longi- 
tudes, after the application of the *drk-karma', and also the apparent latitudes, 
by ancient Risis, for the sake of convenience’’.—Sid. Siromani, chapter on 
conj. of planets with stars. 


The works of BRAHMAGUPTA and LALLA do not refer to the motion of the 
ayana-point and the S. S. does refer to it ; still the longitudes of the stars given 
in the latter agree for the most part with those mentioned by. Brahmagupta 
and Lalla. This shows that Bhāskarācārya”s remark applies to the longitudes 
given by all the three works. Some figures showing longitudes and lātitudes 
in the Sundara Siddhānta are missing, because the procured copy was very 
inaccurate and those figures were unintelligible. 


The polar latitudes and polar (sáyana) longitudes for 1887 A.D. of the 
junction-stars as adopted by the author, have been calculated from their right 
ascensions and declinations given in the French Connaissance-des-Tempes. 


“The longitude of. Spica thus obtained is 201° 26’ 16".3. Assuming the 
* longitude of Spica to be 180°, the author has mentioned in the column 


headed “his opinion" the longitudes of all stars after subtracting from their 


: (Sayana) longitudes the ayanāmša figure 21°-26'-16".3. These are true 
for Saka 1809. The latitudes also are true for the same year. But because 


the longitudes are nirayaņa, only a very slight variation will occur in them 
with the lapse of time. If Mu Piscivm be assumed to be the star at the initial 
point, the longitudes of stars according to “his opinion" will have to be reduced 
by 1? 20'. 


*These very stars have been adopted as junction-stars for giving moments of conjunct ons 
in the s&yana almanac since Saka 1815. The European names of such junction-stars as 
have been selected by different researchers may be seen in tables given later on. 


Serial Names of Stars Modern Brahma Lalla 
No. S.S. Gupta S. Tantra 
5 o vi Q F 9 
1 Aévini n 8 8 8 
2 Bharani - .20 20 20 
3 Krttikā. . 37 30 37 28 36 
4 Rohiņī " 49 30 49 28 49 
5 Mrgasiras . 63 63 62 
6 Ārdrā + 67 20 67 70 
7 Funarvasu - li 93 93 92 
8 Pusya . : 106 106 105 
9 Aslesa i 109 108 114 
10 Maghā i 129 129 128 
"1. P. Phālgunī 144 147 139 
12 U. Phālgunī 155 155 154 
13 Hasta : 170 170 173 
14 Citra . 180 .183 184 
15 Svāti . 199 199 197 
16 Višākhā 213 212 S 212 
17 Anurādhā . 224 224 5 222 
18 Jyesihā . 229 229 5 228 
19 Mila. ` 241 241. 241 
20 Pūrva Asidha 254 254 254 
21 Uttara Āsādha 260 260 267 
Abhijit ‘ 266 40 265 267 
22 Sravana . 280 278 283 
23: Dhanistha . 290 290 296 
24 Šatatārakā . 320 320 313 
25 P. Bhādrapadā 326 326 327 
26 U.Bhádrapadà 337 337 335 
27 Revati A 359 50. 0 | 359 
Agastya . 90 87 87 
Vyādha . 80 86 86 
Agani 52 
Brahma. 52 
Prajāpati . 57 
Apümvatsa A 180 
Apas - i A 180 


.20 


20 


—ac€e riya 
B. Tulya 


8 
21 
37 
49 
62 
66 

: 92 
106 
107 
s 
135 
170 
183 
198 
212 
224 
229 
242 
255 
260 
259 
275 
287 
320 
325 
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POLAR LONGITUDES OF JUNCTION STARS AND SOME OTHERSTARS 


M : Sundara 
S. 
39 8 
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POLAR LATITUDES OF JUNCTION STARS AND SOME-OTHER STARS 


S — — — — — — —————— x 
: Modern 


apes EAB DES on io ae ree m cs 


Dāmodarīya Sundara Graha- Author's ' Direction 


Serial Bralima Lalla 
„No. Names of Stars S.S. Gupia S. Tantra B. Tulya S. lāghava. opinion 
8 d 8 - 8 t 8 U 8 3 8 3 
1 Ašviņī 3 S 10 10 10 10 10, 10 9 5 
2 Bharani. : 12 12 . 12 - 12 15 12 12 10 57 
3 Krttikā . ` 5 4 31 5 4 30 5 5 4 9 
^4 Rohini . . 5 4 33. 5 4 30 di 5 5 32 
5  Mrga F 5 10 10 10 10 10 10 13 24 
6 Ārdrā 5 , 9 11 11 11 11 11 6 46 
7  Punarvasu . i 6 6 6 6 6 6 6 46 
'.8, Pusya : : 0 0 0 0 0 0 0 5 
9 Āšlesā . - 7 7 7 7 7 7 11. 24 
10 Maghā : 3 0 0 0 0 0 0 0 29 
11 P. Phålgunī . 12 12 12 11 45 12 ^10 31 
12 U. Phālgunī A 13 13 13 12 45 13 13 24 
.13 Hasta Ct 11 11 8 11 11 11 13 17 
14 Citra . w a 2 1 45 2 1 45 l 2 2 12 
15 Svati. Ņ : 37 37 37 37 15 37 32 56 
16  Visàkhà " ‘ 1 30 1 23 1 30 1 15 1 0 22 
17 Anuradha . , 3 0 1 44 3 1 45 2 2. d 
18 Jyesthā . . 4 3 30 4 3 30 3 4 3 
19 Mila. we wt 9 8 30 8 30 8 30 8  -13 48 
20. PirvaAsadha . 5 30 5 20 5 20 5 30 5 2 7 
21. Uttara Āsaģhā , 3 5 5 5 58 1 20N 
Abhijit . ^ 60 62. 63 62 | & 62 61 55 
22 Gravana . >. 30 30 30 2 30 30 30 29 49 
23  Dhanisthà : 36 36 - 36 25 30 36 36 34 15 
24 Šatgtārakā i 0 30 0 18 0 20 0 15 2 0 0 25 
25 P,Bhādrapadā , 24 24 24 23 45 24 2. 6 
26 U.Bhādrapadē . 26 26 26 26 Z 19. «48 
27 Revai . . 0 0 U 9 0 0 1 
3 
80. 71 80 71 76 : 
a LJ 

a ci 40 40 40 40 40 

„Agni : ; 8 8 8 

” Brahmē 30 30 30 

n Prajapati. ^ — , 38 38 39 

w Apamvatsa" — 3 3 

E Āpas. : ^ 9. 


of latitude 
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CELESTIAL LONGITUDES OF JUNCTION STARS 


——Ó————Ó——  — —  —— ii ALL ——O—MÓÁ—— €t md 


Serial ` Stars Sūrya Brahmagupta 2nd Ārya Sārvabhauma Venkatesh Author's 
No. Siddhānta . ' Siddhànta Siddhànta Siddhànta B. Ketkar oPinion 
1 Ašviņī ta. Wo m 11 59 12 5 12 0 12 40 14 6 10 8 
2 Bharani A - 24 35 24 41 24 23 o 8 28 20 24 22 
3 Krttikā . : . 39 8 38 58 38 33 ` 39 2 40 7 36 9 
4 Rohini . + * 48 9. 48 11 47 33 48, 9 49 55 45 57 
5 Mrgaširas . . 61 - 3 61 0 61 3 61 1 63 50 59 31 
6 Ārā . . a g 65 50 65 5 68 23 65 8 68 53 75 . 16 
7 Punarvasu . > + 92 + «$2 92 52 92 ^ 53 92 53 93 22 89 24 
8Pusya . . . -. 106 0 105 0. 106 0 106 0 108 5] 104 53 
9 Asesi . |. . 109 59 108 58 — 11 0 108 56 113 45 110 44 
l0Mashi. . + . 129 0 — 129 0 129 0 129 0 129 58 126 9 
11 P. Phàlguni . - 139. 58 142 4S 140 23 142 48 143 32 139 34 
12 U. Philg ini . : 159 10 150 4 150 23 149 40 151 45 147 47 
13 Hasta . S ; . 174 22 174 28 174 3 175 13 173 35 169 37 
14 Citrā .. 5. 189 48 183 49 182 53 183 50 183 58 180 0 
15 Svātī . . M - 183 2 182 41 184 0. 182 24 184 22 180 24 
16 Visikhi — . . . 203 31 — 212 34 2102 53 — 212 36 211 8 201 14 
17 Anmwàdhi .  . 7. 2X4 44 225 33 224 53 224 38 222 42 218 2 
lgJeshi — . s . 230 7 530 4 — 230 3 — 230 5 229 «$4 225. 4 
19 Mila . es - 242 - 52 24? ^ 48 242 44 . 242 16 243 0 240 28 
20 Pūrva Aswdhi — . — , — 254 39 251 0 254 33. . 254 34 . 254 42 252 
21 Uttara Ásidhi . — 269 23 259 37 260 23 260 2l. .. 262 47 262 n 
Abhiit + + «+ 284 10 269 45 263 0 262 10 ^ 265 26 261 55 
22 Šravaņa oe ie" 282 29 280 3. 280 3 280 3 281 53 277 
23DWwnisti . — .  . 296 S 296 > 15 295 33 294 12 29 31 293 d 
24 Šatanhisak . =. 319 50 319 54 319 53 319 54 32i 42 317 42 
26 U. Bhidrapa 4a . 347 16 317 29 347 0 348 44 354 26 345 21 


27 Revatī. . |. , 35 50 0 0 0 0 359 50 0 0 356 7f 
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CELESTIAL LATITUDES OF JUNCTION STARS 


Serial Stars R . Sürya Brahmagupta 2nd Ārya Sārvabhauma Venkatesh — Author's 
No. d Siddhànta Siddhānta Siddhānta Siddhānta B. Ketkar opinion 
Latitudes i 
1 Ašvinī ` . . N 9 H 9 8 10 0 10 55 8 29 8 29 
2 Bharaņī . : N. 11 6 11 11 12 0 12 56 10 26 10 26 
3 Krttikā . " ‘ N 4 44 4 15 5 0 4 44 4 2 4 2 
4 Rohiņī . : S 4 49 4 28 5 0 4 40. 5 28 5 28 
S Mrgaširas . . S 9 49 9 48 10 0 10 13 13 23 13 23 
6 Ārdā . |. ‘ S 8 53 10 50 11 0 11 7 16 3 6 45 
:7 . Punarvasu e N 6 0 >» 6 0 6 0 6 0 6 40 6 40 
8 Pusya : : . N 0 « 0 0 0 0 0 0 0 0 4 0 4 
9 Āšlesā à S 6 56 6 56 7 0 7 4 5 5 10 59 
10 Maghā . . i N 0 0 0 0 0 0 0 0 0 28 0 28 
11 P. Phālgunī . N 11 19 11 14 12 0 12 42 9 42 9 42 
12 U.Phàlgun! . m N 12 5 12 2 13 0 13 55 12 16 12 16 
13 Hasta . . S 10 6 10 4 10 0 12 4 12 11 12 11 
14 Citra Ā A $ S l 50 1 50 2 0.. 1 52 2 3 2 3 
15 Svati — . |, N 33 50 33 41 37 0 41 5 30 49 30 49 
16 Višākhā ; : S ] 25 1 18 ] 30 ] 25 ] 48 
17 Anurādhā A A S 2 52 1 39 3 0 1 50 1 58 1 58 
18 Jyesthā . A A S 3 50 3 22. 4 0 3 37 4 33 4 33 
19 Mūla z S 8 . 48 8 19 9 0 8 40 6 36 
20 Pūrva Asādhā . - S 5 28 5 18 5 20 5 22 6. 27 2 7 
21 Uttara Āsaģhā . f S 4 59 4 .59 5 0 5 1 3 27 Ni 27 
Abhijit . N 59 58 61 56 63 0 62 14 61 44 61 44 
.22 Sravana R : N 29 54 29 56 30 0 30 5 29 18 29 18 
23 Dhansthā . . N 35 33 35 32 36 0 26 25 33 2 33. 2 
24 Šatabhisak M i S 0 28 0 17 0 20 0 20 0 23 0 23 
25 P. Bhādrapadā , . N 22. 30 22 26 24 0 -26 3 19 23 19 23 
26 U, Bhādrapadā  .. N 24 1 23 56 26 0 28 28 25 41 12 36 
27 Revatī -> ” $ S 0 0 . 0 0 0 0 0 0 0 13 0 131 
nē 3 4f 
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The celestial latitudes and longitudes calculated from the polar latitudes 
and longitudes given by the Strya-Siddhanta and the Brahmagupta Siddhàntax 
have been given in tables on pages340-341. The latitudes and longitudes given 
by the second ĀryaSiddhānta appear to be celestial (based on the pole of the 
ecliptic) and hence are given in the same table. It has been clearly mentioned 
in the Sārvabhauma Siddhānta that the longitudes and latitudes given in it 
are celestial and hence they are also given in the table. The celestial latitudes 
and longitudes calculated by the author and Ketkar were first calculated from 
the French or English Nautical Almanac. Longitudes given by Ketkar are 
nirayana and are measured from the star, Zeta Piscium, which he assumed 
as the initial point, and his ones have been calculated by assuming the longitude 
of Citra to be 180°. Otherwise, our figures are, in fact, identical. Seven 
of his junction stars are, however, different from those of Ketkar. Their 
longitudes and latitudes are, therefore, actually different. The author has 
given two figures for the star Revati. The first belongs to Zeta Piscium and 
the second to Mu Piscium. If Mu Piscium be taken as the initial point, 43 
"minutes will have fo be added to the longitude of each star. 


The PANCASIDDHANTIKA has not recorded the polar longitudes of stars 
as given in the original Sūrya-Siddhānta. It appears that they had been given 
in the original. ARYABHATA I has mentioned nothing about the junction 
stars of naksatras. BHASKARACARYA has adopted the polar longitudes and 
latitudes of naksatras from BRAHMAGUPTA. 


AL BERUNI has quoted latitudes and longitudes as given by Brahmagupta, 
some of which are different from those given by the author. They are :— 
longitude of Uttara Bhādrapadā, 336° ; latitude of Mrga, 5°; of Aslesa 6° ; 
and of Miila93°. Some error in this respect appears to have crept into Beruni's 
work either in the original or in its later transcriptions. The figures denoting 
Brahmagupta’s longitudes and latitudes are given in code words in verse form 
in the original, and they are the same, both in the Brahmagupta Siddhānta 
and in Khandakhadya ; and the author has collected them from four different 
.copies of the work, so that there is no doubj about their reliability. Brakma- 
gupta has in the beginning given the latitudes of Krttika, Rohini, Citra, Visākhā, 
Anuradha and Jyesthā respectively as 5, 5, 2, 1%, 3, and 4 and Beruni has 
quoted them thus. But Brahmagupta has immediately added that these 
latitudes must be reduced by certain number of minutes each. Accordingly 
his figures have been given after reduction, but Beruni has not done so. The 
latitude of Mila has been given in the original as *ardhanavama". Beruni 
has assumed this to be 94°. But the word **ardhanavama" means 83°. 


As for the polar longitudes, according to the modern Sürya-Sicdhànta 
given above, there is a difference of opinion about Ārdrā. It appears from 
the remarks of Ranganath, the commentator of the Sürya-Siddhànta that 
according to Narmad, the longitude of Ārdrā is 73° 47’, and according to 
Parvat, 73° 10' ; and. he also adds that according to popular view, it is 74° 50". 
But the longitude of Ārdrā as given by the Šākalya Samhita is 67° 20’ only 
and Ranganath has accepted it**. Kamalakara, the author of the Siddhanta- 


*The longitudes and latitudes of the S.S. have been given as calculated by Whitney by 
the methods g.ven in that Siddhànta, and those for Brahma Slddh&nta have been taken from 
Bentley's book and they are calculated by Bently himself. 

**The polar longitudes of stars as given by the modern Sūrya-Siddhānta, the Romasa, 
&&kalya's Brahma Siddhanta, and the same are given in units of ten minutes each, measured 
from the initial point of the corresponding nak$atra division. The Sürya-Siddhànta has 
cited the longitude of Ārdrā as *'abdhayah” i.e. 4. One comes across other reading also 

like ‘‘gobdhayah’’ meaning 49, and ‘gognayah’ meaning. 39, 
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tatva-viveka, has accepted all the longitudes and latitudes as in the Sürya- 
Siddhānta, but has taken 74? 50' as the longitude of Ārdrā. The modern 
Romaša, Soma and Sākalya's Brahma Siddhāntas are followers of the Sürya- 
Siddhànta and these contain the same longitudes and latitudes of stars as 
in the Sūyra-Siddhānta. There ig, however, a difference of view about Ārdrā. 
Šākalya's Brakmasiddkūnta has given longitudes ard latitudes as mentioned 
above. The Soma Sicdhānta gives 74° 50’ as the longitude of Ārdrā. The 
figures for all the remaining longitudes and latitudes are identical with those 
ot the Sūrya-Siddhānta. The author had procured two editions of the Romašā 
Siddhānta. Some of the longitudes given in them are different from those 
of the Sürya-Siddhanta but the difference seems to be due'to copyist’s errors. 
One may safely say, therefore, that the polar longitudes and latitudes given 
by the Remaša Siddhānta are almost the same as those of the Surya Siddhānta. 


In the Sürya Sicdhānta, the longitudes and latitudes of Agastya (Canopus) 
Vyadha (Sirius), Agni and Brahma have been given in three verses (Adhikāra 8). 
But they are not immediately followed by the verses relating to Prajapati ; 
Apāmvatsa and Apa have not been immediately given. The longitudes ard 
latitudes of Prajāpati ard the other two stars have been repeated in verses 
20 and 21 in the end. It, therefore, appears that these verses may have been 
interpolated later on. In the 9th Adhikāra (Chapter) certain stars which 
never set are mentioned ard they include Bratmahrdaya as one. Hence, 
Prajāpati-one of above three stars—ought to have been included in the list, 
because the latitude of Prajapati is 8? more to the north than that of Brahma- 
hrdaya. In spite of this it has not been included, which shows that these 
verses may have been interpolated later. However, one of these stars, Apam- 
vatsa, is referred to in the Brhat-Samhitā*. This shows that all these three 
stars were known in Šaka 427 also. Prof. Whitney** observes that the star 
Prajāpati, Apāmvatsa and Apa have not been mentioned in Sákalya's Brahmą- 
siddhānta, but that is wrong. They occur in all the three siddhantas, Sākalya 
Brahma, Romaša and Soma. Of these, only Apa has not been mentioned 
by the Grahalāghava. Sàkalya's Brahmasiddhānta has given the longitudes 
and latitudes of Saptarsis (the Great Bear), which are not found in any other 
work. The YANTRA RAJA has given sāyana longitudes and latitudes of 32 
stars. Ihe SIDDHANTA RĀJA has given those for 84 stars. 


NUMBER OF STARS IN ASTERISMS 


Some naksatras consist of only one star and some have many. In the 
case of those which have many stars, their junction star is ircicated by its : 
position ard description by Surya ard three other Siddhāntas, and these 
descriptions are almost similar ; but they do not help in identifying the junction 
star correctly. Of the fcur Siddkāntas, the Šākalya Brahmasiddhānta alone 
has mentioned the number of stars in cach naksatra, while others have not. 
A mere indication of the direction without the number of stars is not of much 
avail. Apart from Šākalya Brahmasiddhānta, it is only the Khaņdakhādya 
among other astronomical works which has mentioned the junction stars, 
. as also the number of stars in the naksatra. They are found in some Samhita 


- - x - . x uS 1 
. **Samamuttarena tara chitrāyāh kirtyate apàmvatsah"—mean:ng **The star Apamvatsā 
is described as situated exactly to the north of Chitrà"— Brihat-Samhità, Chapter 25, 
Verse 4. M 


**See page 218, Translation of the S.S. by Burgess. 


e 


Serial Lalļa's.  Sàkalya  Sripati’s 


: Taittirlya Naksatra Vrddha Narada | Varàha Khanda Ā Muhirta Muhūrta F 
No. Names of Stars Sruti K EE Samhitā Mihira Kādā Der a s jā. Tatva a 
1 Ašvanī . 2 ~ 2 3 3 E 3 2 3 3 3 
2 Bharaņī . : 3 3 3 3 3 3 3 3 3 3 
3 Krttikā . ; 7 6 6 6 6 6 6 6 6 6 6 
4 Rohiņī . ; 1 5 5 5 5 5 5 5 5 5 
5 Mia . . 3 3 3 3 3 3 3 3 3 3 
6 Arr > . 1 or 2 1 1 1 1 1 1 1 1 (d 1 
7  Punarvasu : 2 2 2 4 5 2 4 2 4 4 4 T 
8 Pusya - ‘ 1 1 1 3 3 1 3 3 3 3. 3 7 
9  Adslsà >- . - 6 6 5 6 6 5 5 5 5 5 0 
10 Maghā - - 6 6 5 5 6 5 5 5 5 «5-8 
11 F. Phālgunī > 2 2 2 2 8 2 2 2 2 2 2 o 
12 U.Phàlguni - 2 2 2 2 2 2 2 2 2 2 o. = 
13 ‘Hasta  - - 5 5 5 5 5 5 5 5 5 5 Z 
14 Citra. 1 1 1 1 1 1 1 1 | 1 i. 
1s Svātī +s! 1 1 1 1 1 1 1 | 1 1 (^ X 
16 Višākhā - . 2 2 2 2 5 2 4 2 4 4 4 > 
17 Anurādhā 4 4 4 4 4 3 3 4 4 4 = 
18 Jyesthā -> i 1 3 3 3 3 3 3 3 3 3 ô 
19 Mùa  - - lor2 E 6 11 11 2 11 9 11 11 1 ő 
20 Pūrva Āsādhā - 4 4 4 2 4 2 4 4 4 2 B 
21 Uttara Asigha - 4 4 2 8 4 2 . 4 4 3 2 
Abhijit ; 1 B " 3 3 3 3 3 3 
.22  Sravana 1 3 3 i 3 3 3 3 3 3 3 
23 Dhanisthā : 4 5 4 šā 5 5 4 5 4 4 4 
24  fatabhisak 1 1 1 109 100 1 100 100 100 109 100 
25 P. Bhādraņadā . : i 2 2 2 po, 2 2 2 2 2 2 
26 U. Bhādrapadā 4 2 2 2 8 2 2 2 2 2 ? 
27 Revatī . . 1 1 4 32 32 1 32 32 32 22 32 
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JUNCTION STĀRŠ 


Eurcpean astronomers have prepared catalogues of most of the stars visible to the naked eye during the last two or three centuries, 
They have named those stars and have cetermined with precision their right ascensicns and declinations. The views of cifferent research 


workers regarding the junction stars of our naksatras out of those stars have been given in the table below :— 
JUNCTION STARS OF NAKSATRAS 


A$vini , 

Bharani 

Krttikā . 

Rohini . ; ; 
Mrga 

Ārdrā . : . 


Punarvasu ; ; 
Pusya . . 
Āšlesā f ; 
Maghā . A 
Pūrva Phā'gunī 
Uttara Phāļgunī 


Hasta 
Citrā 
Svati ' . : 
Visakha . 


Anurādhā à T 
Jyesthà . i , 
Mūla - . 
Pūrva Asidha : 
Uttara Āsādhā 4 
Abhijit . : . 
Šravāņa ; Í 
Dhanistha 
Satathisak . 

P. Bhādrapadā i 
U. Bhidrapada . 
Revati . : : 


Colebrooke 


Alpha Arietis 

Mu or 35 Arietis. 
E'a Tauri . : 
Aldebaran . : 


Lambda Orionis. 


A'pha Orionis . 


Pullux S j 
Delta Cancri r 
Alp^a Cancri 
Regulus 5 
Delta Leonis ; 
Denebola ? 
Gamma or Delta 
Corvi. 
Spica i : 
Arcturus . " 
Alpha or Kapp 
Librae. 

Delta Scorpii  . 
Antares . ; 
Nu or 34 Scorpii. 
Delta Sagittarii . 
Tau sagittarii . 
Wega A S 
Altair +. : 
Alpha Delphini . 
Lambda Aquarii. 
Markab . 
Alp^eratz . * 
Zeta Piscium `. 


Bentley, Keropant 


Tata À ati 


Beta Arietis T 
35 Arietis . ; 
Eta Tauri . . 
Aldebaran . , 
116 Tauri . . 
133 Tauri . Ķ 


Pollux ài A 
Delta Cancri ‘ 
49 Cancri 

Regulus . 4 
Theta Leonis i 
Denet ola . A 
Delta Corvi R 


Spica S 2 
Arctures . ; 
24 Librāe 


Betā Scorpii : 
Antares . H 
34 Scorpii 

Delta Sagi . R 
Phi Sagi i 
Wega w “ogee 
Altair . . 
A'pha Delph 
Lamba Aguārii. 
Markab . m 
Algenib/Alpheratz. 
Zeta Piscium i 


Whitney, Burgess 


Bāpudeva 


Beta Ārietis m 
35 Arietis . $ 
Eta Tauri . : 


' Aldebaran . . 


Lambda Orionis. 
Alplia Orionis . 


Pollus i : 
Deita Cancri . 
Epsilon Hydrae 

Regulus . . 
Pelta Leonis x 
Denebola ; 
Delta Covri n 


S pica i : 
Arcturus 
24 Librae . i 


De'ta Scorpii 
Antares . : 
Lambda Scorpii . 
Delta Sagi . : 
Sigma Sagi n 
Wega - A i 
Altair : : 
Beta De’ phi : 
Lambda Aquarii. 
Markab . 

^ lgenib/ Alpheratz. 
Zéta Piscium : 


A' pha Arietis . 
35 Arietis . : 
Eta Tauri . 


Aldebaran . : 
Lambda Orionis . 


Alpha Orionis 


Pollux i ; 
De!ta Cancri a 
Alpha Cancri  . 
Reguus . , 
Delta Leonis 2 
Denebola . 2 
Gamma or Delta 
Corvi. 


Spica . 


Arcturus . . 
A'pha or Kappa 
Librae. 
Delta Scorpi . 
Antares . ; 
34 Scorpii : ; 
Delta Sagi . ; 
Tau Sagi . ; 
Wega E ` 
Altair : : 
A!pha De'ph ; 


Lambda Aguārii. 


Markab . i 
A'pheratz . . 


Zeta Piscium 


V. B. Ketkar 


Beta Arietis 
41 Arietis 
Eta Tauri . 
Alcebaran 


The Author 


Lambda Orionis. 


Alpha Orionis 


Pollux i. 
Delta Cancri 
Alpha Cancri 
Regulus 
Theta Leonis - 
Denebola . 
Detta Corvi 


Spica 2 
Arcturus. 
24 Librae . 


Delta Scorpii 
Antares. 
45 Opniuchi 
Delta Szgi . 
Sigma Sagi 
Wega ] 
Altair " 
Alpha De'ph 


Alpheratz 
Zeta Piscium 


* 


a 


Lambda Aquarii . 
Markab 


Beta Arietis. 
4j Arietis. 
Eta Tauri. 
Aldebaran, 
Lambda Orionis 
Gamma Gemi- 
norum. 
Pollux. 
Delta Cancri. 
Zets Hydrae: 
Regulus, * 
Theta Leonis. 
Denebola, 
Delta Corvi. 


Spica. 
Arcturus. 
Alpha Libraé. 


Delta Scerpii. 
Antares. 
Lembd: Scorpii, 
Lambda Sagittarii 
Pi Sagi. 

Wega. 

Altair. 

Alpha De'phi. 
Lambda Aguarii. 
Matkab. 
Algenib. 

Zeta or Mu 

Piscium. 
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works. Opinions differ regarding the number of stars in a naksatra. On 
page 344 the number of stars in naksatras have been given in a tabular form 
according to 11 different works. First come those stars which can be definitely 
known on the basis of information gathered from the Taittirīya Sruti given > 
in part I. Naksatra Kalpa* is an appendix to the Atharvaveda. Mahadeva, 
the commentator of Sripati’s Ratnamāla has given the number of stars as 
mentioned by Lalla and those have been reproduced here. These may pro- 
bably have been borrowed from the Ratnakosa. 


From all considerations, it appears that although there may be a difference 
of opinion regarding the number of stars in each naksatra (asteri: m) there is 
no difference of opinion as regards the identification of any ‘cluster of stars.” 
The word Sata’ (hundred) in the name Satabhisak’ has led to the misurder- 
standing that it contains 100 stars and hence the name Satabhigak was changed 
into Satatārā. But this belief seems to have been current since the time of 
VARAHA MIHIRA. Similarly, ig the opinion of all, the latitude of the junction 
star Of Revati is zero ;.and the longitude also is very nearly zero. Hence, 
there is no difference of opinion about the junction star of Revati. There are 
several stars situated near it in the cluster forming the shape of a Mrdanga 
(tabor). But it is not that they are exactly 32. It is not known on what basis 
the number was fixed ; but this number too has been handed down from 
VARAHA'S TIME. If the regions occupied by all the remaining naksatras in 
the sky be seen, it will be found that every assumption regarding the number 
of stars has some basis or other. Hence the numbers of all authors are 
justifiable. 


Among the European scholars Colebrooke has made a comparative study 
of our naksatra system and that of the Arabs, and bas ccnsidered in full cetails 
the question of the names and places of our junction stzrs in the light of the 
European system. Sir William Jones had done it (in 1790 A.D.) before him, 
but it was inadequate. Colebrooke’s thesis on this subject was published in 
Vol IX of Asiatic Researches, in 1807 A.D. from which the stars acceptable 
to Colebrooke, have been given in the above table. The cfforts mace by 
Colebrooke have been of mvch use for later investigators. A book entitled 
A Historical View of Indian Astroromy by BENTLEY was published at Calcutta 
in 1823. He has considered in it the stars on the basis of their longitudes 
and latitudes given by BRAHMAGUPTA. The junction stērs of his cl.oice have 
been given from the bcok in the above table. Among these, he has given 
only Algeib as the star for Uttarà Bhādrapadā. KEROPANT, however, has 
taken Alpheratz in its place. Excepting this, KEROPANT has taken all the stars 
as in the list of BENTLEY**. In acdition to the above, Bentley has suggested 
some other stars as alternative. They are :—Gamma Arietis for Asvini ; 
113, and 117 Tauri for Mrga ; 50 Cancri for Āšlesā ; 71 Leonis for Fūrvā 
Phalguni ; 8 Corvi for Hasta ; 35 Scorpii for Mila. WHITNEY has made a 
very de:ailed study*** of ttis subject ; and kas determined the juncticn stars 
after careful consideraticn. BaArUrrvA's Jurcticn sters have been given 


*The author has not yet actually seen the works Naksatra Kalpa and Vrddha Garga 
Samhit& himself. He has quoted the number of stars from the information given by Prof. 
Thibaut in Indian Antiquary, Vol. XIV PP. 43-45. Prof. Th baut has quoted the lines 
from Vrdha Garga Samhita and Khandakhadya. The author has corrected an error 
committed by him regarding Revati and Aáévini, 


* * See pages 324-25, Planetary Tables. 
***See pages 175-220, Translation of S.S, 
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in the above table from the list given in his English translation of the S.S.* 
All of them** are according to the choice of COLEBRGCKE. But Bapudeva 
has changed seven of them in his almanac. "Thus, he has abondoned his first 
choice in the case of the junction stars of Ašvinī, Ašiesā, Višākhā, Mila, 
Uttarāsādhā, Dhanisthà, Uttarā Bhādrapadā, and substituted Beta- Arietis, 
Epsilon Hydrae, 24 (lotā) Libra, Lambda Scorpii, Sigma Sagittarii, Gamma 
„Pegasi; and it is easily seen that these changes are made in conformity with 
WHITNEY'S views. The author has given the junction stars acceptable to 
Venkatesh Bapuji Ketkar, from the list which he supplied. He has attempted 
to establish as much agreement as possible between the longitudes ard latitudes 
of the stars given in our ancient works and those of tte stars determined by 
Colebrooke and others. He has, however, attempted to see that in addition 
to the above point that the distances between consecutive junction stars be 
as near to 13°20’ as possib!e, so that they would be found to occupy a place in 
their own divisions. lt is not proper to adopt a star from the constellation of 
Mrga as junction star of Árdra. The line *àrdrayà rudrah pathamāna eti” 
(Tai Br.3.1.1) suggests that God Rudra accompanies the constellation of 
Ārdrā. The star adopted by the author for Ārdrā transits the meridian 
only 9 minutes earlier than Sirius. There is no other bright star nearer to 
Sirius in that region. 

The above table will show that there is unanimity of opinion about the 
following 14 stars :—Krttika, Rohini, Punarvasu, Pusya, Magha, U. Phalguni. 
Citra, Svati, Jyesthà, Abhijit, Sravana, Satabhisak, P. Bhadrapadā and Revati, 
Opinion differs regarding the rest. There is no sense in trying to see whose 
opinion seems probable, becavse, it cannot be at all claimed that the longi- 
tudes and latitudes of stars given in ovr old works agree completely with those 
of all or some stars chosen by any one of them. Tte longitudes and latitudes 
of stars given by our works may not be found to agree either because they hāve 
not been recorded accurately or because, it is not known to what time they 
belong; or else, because, they have been calculated by the modern method of 
calculating ancient longitudes and latitudes, which itself may rot be quite 
accurate. Nevertheless the fect remains that they do not agree. Hence, those 
stars are to be determined as junction stars whose co-ordinates agree at least 
approximately. It so often he ppens that one out of the two or three stars in a 
naksatra shows a close agreement in point of latitude but not longitude, while 
quite another agrees in point of longitude. This being so, scme have laid a 
stress on the agreement in latitude and others in longitude. Scme others 
have paid attention to the direction of their position in the group. Thus each 
author has paid attention to the direction of their position in the group. Thus 
each author has some point or other to support his view. When orce it is 
decided that a particular nak«atra is the same as some particular cluster of the 
present times, i.e. Bharani is the same as Musca known to Europeans, the 
question of deciding which star in the cluster is the junction star naturally 
remains controversial. If, however, scme one adopted some star outside 
the cluster as junction star, it will be a mistake unless he has scme ground 
for doing so. Thus, for instance, there is a cluster of star visible in the sky, 
known as Mrga and its Sirsa" (i.e. the head of the antelope ; Orion). One 
of the three stars forming the head of the antelope must be taken as the juncticn 

*In the Bibliotheca Indica New Series, of 1860, A.D. he has taken Musca for Bhareni ; 
but in the almanac, he takes 35 Arietis, and hence the author has given the latter in the table- 

**Itappears that Pi Tauri has been wrongly taken in place of Eta Tauri through am 

- errorr in printing. 
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star of Mrgasirsa. But KEROPANT'S star is outside the region. This is of 
course an error. All works have described the shape of the naksatra Mūla 
as resembling the tail of a lion. But Ketkar's star remains far away from the . 
cluster and hence should be taken to be erroneous. The planetary tables by 
Keropant have given by mistake 27° in place of 37? as the declination of Mula; 
Keikar appears to have committed the error because of this. Apart from 
these considerations every investigator can be said to be justified in his views. 


CATALOGUES OF STARS 


HiPPARCHUS (150 B.C.) was the first in Europe to prepare a catalogue of 
stars showing their longitudes and latitudes after taking necessary observations. 
It is not at present available; but PTOLEMY after making allewance for ayana 
motion, prepared another catalogue (138 B.C.). It is at present available in 
his work entitled Syntaxis. It contains 1022 stars, grouped into 48 constel- 
.lations. A second Catalogue after this, was prepared by ULUGH Bey, grandson 
of Tamerlane, and Emperor of Samarkand in 1437 A.D. It contains 1019 
stars. Another catalogue containing 777 stars was prepared by TYCHO BRAHE, 
in 1600 A.D. Afterwards, several catalogues were prepared in Europe. No 
one in our country appears to have prepared such a catalogue by taking actual 
observations. MAHENDRASURI has, in his work Yantrarāja, given polar 
longitudes and latitudes of 32 stars from the works of Greeks. Malayendu 
Süri, the commentator of that work observes," 


TATA VATS THAT Taufe $e HATARA | Arta Wu- 
PIT Tat ara et wem qer daro grama erar TNI | 
sqm $ TAH 39—35 SAT. 


*According to the Greek work, there are 1022 stars described from the 
celestia! globe. The author of this work, after studying the starry globe, has 
selected only 32 useful stars out of them." 


The catalogue of stars referred to in this, appears to be that of Ptolemy, 
as can be seen from the number of stars which is 1022 and from the date of 
the writer and that of the commentator (pages 230-231) It seems to have 
come to this country through the Muslims; but it does not appear :o have 
gained currency or came into use. 


IDENTIFICATION OF STARS 


Now-a-days we do not generally find Joshis who can correctly point out 
at least all the naksatras, let alone their junction stars. Colebrooke remarks, 
“None of the native astronomers, whom I consulted, were able to point ou t, 
in the heavens ail the asterisms for which they had names." Beruni observes*, 
“I took great pains in this respect; but I did not come across a single Joshi 
who could point out with his finger the Junction stars of all the naksatras 
by merely looking at them." Even in the present times, a Joshi who can 
point out the junction stars can be rarely found. There are several Joshis 
‘who are unable to point out even the naksatras. Once, a Joshi who was very 
proficient in preparing horoscopes and selecting muhürtas came accross the 
author. This Joshi did not know that the naksatras are seen in the sky in 
order from West to East; he was under the impression that Ašvini and o:her 
naksatras are seen from East to West in the sky. However, we do find some 


 *INDIA II, P. 83 
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pecple who can recegnize mest of the neksatras. Orce the author happened 
to meet a Vaidik Brii mata, nc med PHAPHE frem Chaul in the Colaba district. 
He knew all the naksatras. He recitcd a verse showing how to fird the 
length of the night by observing the star transiting the meridian. It is given 
here because of its much usefulness. 


Khau Kha Jā Tri Gu Chu Cai Cho Chho Bhū 1 yuk. 
102 112 128 140 153 1156 183 196 197 

Chha Khi Tri Ku Chi Chhe Ko Dvi2 yuk, 

217 232 240 251 266 277 291 M 

nau Kha Chha ħi Ku  Ghu Tri 3 yuk. 

305 312 327 345 351 354 

Kha Ja Ku Chū Ghe Gho 

12 28 51 64 74 94 


When the naksatra Ašvinī is transiting the meridian, the ascer.cant at the time . 
is 102? (that is to say 12” of Cancer Lave risen at that time). It thus gives the 
degrees of the ascerdant in the case of 28 naksatras. The time should be 
. determined by the useful methed of finding the (unkncwn) time when the 

ascer.dant is given. This quotation is based on the numerical ccde (Page 97) 
of Āryabhata II, in which the consonants ka, ta, pa, ya, etc. indicate nt merals; 
but in addition to these the vowels a,ā, i,,u,ü,e,al, o,au, also indicate the 
natural numbers from 1 to 9 and 0 respectively. The Mihurtasindku by 
Gaņeša Daivajiia contains* three verses: having the seme meaning. The 
numbers indicating ascerding degrees have been given in it by usual methcd, 
and it has been mentioned there that these are true for a place of Palebka 4, 
and that for other places these values would vary. Frcm this and also from 
the fact that the village of Chaul is very near to Nancagzon where Garņeša 
Daivajiia lived, it appears that the quotation ‘Khau, kha, ja” etc. ard naksatras 
known to the Vaidic Brālf mana mentioned above must hāve been harced** 
down traditionally frem Gaņeša Daivajfia. 


ORIGIN OF NAKSATRA SYSTEM, 


The Chinese, Persians and Arabs had the raksatra system in common use 
among them. Hence, European scholars raise the question whether the 
naksatra system was evolved by the Hindus independently or borrowed from 
other nations, and attach much importance to it, But I do not consider it 
very important, because, the decision of the question whether the entire 
system of mathematical astronomy has been independently developed by 
the Hindus or borrowed from others does not deperd much upon the decision 
of the question who originated the naksatra system. It is rot that the know- 
ledge of planetary calculations is bound to follow immediately the knowledge 


*They give 263° as the ascending degrees for Spica and 61* for Sata tar: kā. If In the 


above quotation the correct letters be ‘gu and ku’ In place of ‘chu and ku’ the agreement 
will be complete. 


**When the Vaidic Brāhmana showed him the naksatras, he polnted out the wrong ones 
as Revatī and Visākhā. Of these two, the star which he showed him as Revati was the same 
as the one shown to J.B. Modak by a good Joshl from Ratnagiri. The same star was identi- 
fied as Revtī by another good Joshi of Dhulia, One wonders how the same kind of error 
crept in at three places which are not related with one another. But it is not at all probable 
that the error could have originated with Ganesa. The author's book, Jyorirvilása, contains . 


the description of naksatras and one can easlly learn how to recognize nak $ t: without 
any one's help. 
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of naksatras, or that the nation that establishes the naksatra system can alone 
establish the theory of planetary movement, or that the nation that borrows 
the naksatra system from another cannot independently discover the planetary 
theory. Weber, a German scholar, says that the naksatra system did not 
originate with the Hindus. M.Biot, a French scholar emphatically maintains 
that it was first established by the Chinese and was then borrowed by the 
Hindus, and Whitney taking his cue from Biot observes that it did not originally 
belong to the Hindus. Now both Biot and Whitney admit that "The Chinese 
had been working in the same beaten track, and never developing out of so 
promising a commencement anything deserving the name of a science, never 
devising a theory of planetary motions, never even recognising and ceiining 
the true character of the cardinal phenomenon of precession.** Our People 
have established the naksatra system independentiy. The Chinese may have 
also established theirs independently. Butit is certain that our people did 
not borrow it from others. This point has already been discussed before 
(on page 130 of pt. I). It does not require any elaborate treatment here. But 
let us briefly examine the views of the Europeanscholars. Biot gave a detailed 
exposition of only the naksatra system ot the Chinese and that of the corres- 
ponding system of the Hindus in a French monthly** journal in 1840, 1845 
and 1859 A.D. The gist of his argument is: “Their instruments and their 
methods of observation, have been closely analogous with those in use among 
modern astronomers in the West; they have employed a meridian circle and a 
measure of time, the clepsydra, and have observed meridian-transits, obtaining 
right ascensions and declinations,of the bodies observed. To reduce the 
errors of their imperfect time-keepers, they long ago selected certain stars near 
the equator. The stars thus chosen are the sieu. Twenty-four of them were 
fixed upon more than two thousand years before era. (M. Biot says, about 
B.C. 2357***) The considerations which governed their selection were proximity 
to the equator of that period, distinct visibility, conspicuous briiliancy, not 
being demanded for them. To those twenty-four stars four more—Magha, 
di Sravana and Bharapi—were added in the time of Cheu-Kong B.C. 


Bior's study of the stars does not contain as much consideration of the 
Hindu naksatras as that of Chinese. WHITNEY has explained and compared 
in detail all the three systems viz. those of the Chinese, the Arabs and :he 
Hindus. All the three systems have points of resemblance in some respect 
and divergence in others. On account of this, WHITNEY had to start with the 
assumption that no one among them can be regarded as the immediate source 
from which either of the other two has been derived. In spite of this he further 
remarks, ‘‘We would suggest then that a knowledge of the Chinese astronomy, 
and with it the Chinese system of division of the heavens into 28 mansions 
was carried into Western Asia at a period not much later than B.C. 1100, 
and was there adopted by some Western people, either Semitic or Iranian. 
That in their hards it received a new form, such as adapted it to a ruder and 
less scientific method of observation, the limiting stars of the mansions teing 
converted into Zodiacal grcups or constellations, axd in scme ir:starces atlered 
in postion, so as to be brought nearer to the general planetary path of the 


*The above views of Biot and Whitney have been cited from pages 180, 200 to 209 and 
324, of the translation of the S.S. by Burgess. 
** Journal des Savants. 
***This time has been calculated on the assumption that the stars begin from the 
Krttikās. It has not been mentioned in the Chinese works. 
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ecliptic. That in this changed form, it passed into the keeping of the Hindus— 
very probably along with the first knowledge of the planets themselves—and 
entered upon an independent career of history in India ; and that it made 
its way so far westward as finally to become known and adopted by the 
Arabs.” Our Indian system of naksatra has been built up merely on the basis 
of actual observations taken by the naked eye, whereas the Chinese system 
had been evolved mainly for helping the observations by instrument. The 
junction stars selected by us for Rohini, Punarvasu, Maghā, Purva, & Uttara 
Phalguni, Svati, Anuradha, Jyesthā, Mila, Abhijit & Sravana, belong to the 
first or second magnitudes (rarely of the third magnitude); but instead of taking 
these, the Chinese have* adopted quite different stars of inferior magnitude 
for junction stars, because they were useful to them for observation. ln 
short, the Indian system is natural, while the Chinese system is artificial. In 
these circumstances, when WHITNEY could not assert that the Indians borrowed 
the naksatra system directly from the Chinese, he had to imagine that the 
system was first passed on to some Semitic or Persian people whose naksatra 
system has left no trace whatsoever, and that by a distortion of the order 
of progress in nature, the system assumed a still underform and was then 


transmitted to India. This would suffice to show what WHITNEY'S contention 
is. 


The Persians had their own naksatra system. But WHITNEY himself 
observes about it : “There are, as has been noticed above, traces of an 
Iranian system to be found in the Bundehesh; but this is a work which, although 
probably not later than the times of Persia's independence under her Sassanian 
rulers (3rd century A.D.), can pretend to no high antiquity, and no like traces 
have as yet been pointed out in the earliest Iranian memorial, the Zendavesta.”’ 
As regards the question whether the Chaldeans had a system of naksatra 
divisions he writes : “Weber sees in the mazzaloth and mazzaroth of the— 
Scriptures (Job XXXVIII.32; II Kings xxiii.5)—words radically akin with the 
Arabic manzil—indications of the early existence of the system in question 
among the western Semites, and suspects for it a Chaldean origin: but the 
allusions appear to us too obscure and equivocal to be rehed upon as proof 
of this, nor is it easy to believe that such a method of the division of the heavens 
should have prevailed so far to the west and from so ancient a time, without 
our hearing of it from the Greeks; and especially, if it formed a part of the 
Chaldean astronomy." Hence, those Semitic or Indians through whom the 
Chinese system, according to WHITNEY, was introduced in India, were neither 
Chaldeans nor the Persians; and it is not known if the naksatra system was in 
vogue in any other Semitic or Iranian country, and has continued up to the 
present time. Hence, it is proved on this basis of WHITNEY’s own argument 


that the intermediaries Semitics or Iranians—suggested by him are not trace- 
able at all. 


Up to 1100 B.C. the Chinese had only 24 stars in their system. Hence, 
WHITNEY and Bort canot say at all that the Chinese system was imported into 
India before that time. Bror says that Abhijit which used to be included in the 
Hindu naksatra system was omitted in 972 A.D. In other words, he suggests 
that the Chinese system of 28 naksatras was in vogue in India till then; but, 
WHITNEY has himself refuted Biot’s arguments by pointing out that long before 
that time, the Hindus had adopted 27 naksatras for calculations and that the 


*Translation of S.S. by Burgess, P. 324. 


352 HISTORY @F INDIAN ASTRONOMY 


Taittirya Samhità mentions only 27 naksatras. Hence, the contention of 
WHITNEY and BIOT, that the Hindus adopted the naksatra system from the 
Chinese, is utterly worthless. Even WEBER observes, ‘‘The view that the 
Hindus borrowed the naksatra system from the Chinese cannot be accepted”’.* 


Sir WILLIAM JONES has made a comparative study** of the naksatra system 
of the Arabs and the Hindus ; but WHITNEY remarks, “but it is incomplete 
and crude, and the inferences drawn therefrom are neither reliable ror im- 
portant," ard Jones has made the comparison not with respect to raksatras 
only but with respect to naksatras related to signs; ard he has expressec the 
view that the Hindus have borrowed the system of naksatras and rāšis, not 
from the Greeks, but from the Chaldeans. The opirion of WHITNEY*** has 
already been stated to be that the Chaldeans had no naksatra system. 
COLEBROOKE has made a detailed comparision**** of the Hindu and Arabian 
system of naksatras and rāšis. But neither Colebrooke nor any other scholar 
holds that the Hindus adopted the system from the Arabs. Colebrooke tsays 
that it was the Arabs who borrowed it from the Hindus and it is evident from 
the information given on pages 187 and 188 before. MAX MULLER [says that. 
the šystem of naksatras spread into all countries from BABYLONIA. WEBER 
also observes that the Hindus borrowed it either from the Babyloneans or from 
the Chaldeans. But MAX MULLER had not made a detailed study of the question 
and examined its pros & cons; it has been pointed out above ffthat, accordin- 
to Whitney tithe views of neither of them are acceptable. In short, this disg 
cussion and the arguments advanced on page 130 of pt. I prove beyord ail 


question that our people have established the naksatra system quite 
independently. 


(11) MAHĀPĀTA 


The parallel of declination of the sun and moon is called *"Makāpāta”. 
The parallel in declination takes place when the sum of the tropical.longitudes 
of the sun and mogn is 6 rāšis (180°) and 12 rāšis (i.e. 360^). The first position 
is called **VyGtipaáta" and the second '*Vaidhrii". Auspicious ceremonies 
are disallowed when the parallel in declination occurs. Hence, all works on 
astronomy deal with its calculation. Gane$a Daivajfia has given in his Graha- 
lāghava the method of this calculation and has also compiled a small work, 
entitled **Pāta sāraņi” for easily finding the moments of their occurrence. 


: So far Ganita Skandha (Mathematical branch) has been dealt with ; let us 
now consider other branches. 


— ss 


*History of Indian Literature, P. 247. 
** Asiatic Researches, Vol. II, 1790. 
***Translation of S.S., P. 180. 

* *** Asiatic Researches Vol. IX 1807. 
+Algebra, Introduction, P. XXII. 
tRigveda Vol. IV, Introduction. 
+tHistory of Indian Literature, P. 2, Note 2 and p. 247. 


t{Monier Williams had first stated that the naksatra system orlglnally belonged to 
the Hindus. But later on, being dazzled by Whitney’s arguments, he reproduced his views 
and endorsed them. (Indian Wisdom, Page 183 and Note:2) In doing $0, he has only 
shown that he was incapable of independent th nking. 


= 
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II SAMHITĀ SKANDHA 
(The Samhitā Branch) 


'SUBJECT-MATTER OF SAMHITĀ 


The work which treated in all branches of astronomy used to be called 
Samhita’. But at the time of VARAHAMIHIRA, the definition had changed. 
Samhità was then known as the third branch of astronomy, the other two 
being Ganita and Horà. Later on, all the subjects dealt with in the Varāha 
Samhità very soon dropped away, and the Muhürta Skandha alone became 
the third branch. This will be considered later on. "The author first describes 
the contents of the Varāha Samhità, so that the nature of the Samhità branch 
may be clearly understood. The subjects dealt with are :— The motions of 
the sun, the moon, Rāhu and other planets and Ketu; and a description of the 
effects of their movements in the Zodiac, good or evil on the world, the results 
of the rises of Agastya (Canopus) and Saptarsi (the Great Bear). These 
questions are treated in the first 13 chapters. The 14th Chapter is entitled 
Kūrmādhyāya. ‘It mentions-the lordships of naksatras over the region falling 
in the 9 divisions into which India was supposed to be divided. The next 
question is the naksatra *Vyüha" (arrangement of stars) and results accruing 
from planetary fights and conjunctions. It has already been mentioned that 
the Samhità does not describe astrological effects on persons; it mentions 

.results, benefic or malefic, affecting nations. 


Then follows the study of yearly forecast. It is somewhat similar to the 
one given now-a-days in almanacs under the heading “‘Samvatsara phalam”. 
The next chapter is entitled “grahasrigataka’’. It gives a forecast of the 
phenomenon in which all or some „planets are seen grouped near the sun or 
some star in the shape of a bow, a horn, etc. The questions next to follow 
are the *'Parjanya garbha laksana" {impregnation of rains) “garbha dhāraņa” 
(conception) and ‘Varsana’ (raining). It describes in detail how rains are 
‘conceived’ in Mārgaširsa and other months and what would be the nature 
of the rains. Some people study this subject even in the present times, and it is 
reported that there are some who accurately predict how rains will occur 
on the basis of their conception. It is stated in this chapter that rainfall should 
be measured, if it rains, and the method of measuring it is also described. 
Next are described the results of the moon's conjunctions with Rohini, Svātī, 
Asadha, and Bhādrapadā. Next comes the description of the following 
phenomena :—sudden rainfall, the description of the plant croton, then comes 
the question of twilight, the red colour visible in the sky in the morning and 
evening i.e., ‘digdaha’ (preternatural redness of the horizon), earthquake, 
meteors, ‘parivesa’ (a halo), rainbow, gandharvanagar* (celestial city), peri- 
helion or mock sun, whirlwind’,——-—(Thunderstorm). The next questions 
dealt with are the prices of grains etc., Indradhwaja (a flag raised on Bhādra- 
pad Sukla 12) and neerajan (lustration of arms). These are followed by the 
results of the sight of the bird named *Khafijan' (wag-tail). Next are described 
three kinds of disasters namely ‘divya’ (celestial), *āntariksa” (spatial) and 
*bhauma' (terrestrial). Then follows the chapter on Mayür-citra. "The 
‘questions which follow are those of interest to kings, e.g. the Pusyasnāna 


* A news item had appeared in newspapers about 1887 that the people on a ship sailing 
on the sea at a distance of some miles from New Holland, witnessed a city In New Holland, 
in the sky. It seems therefore that the subject of. Gandharva-nagar (celestical city) may not 
be merely fictitious. 
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(coronation ceremony performed with the moon in pusya naksatra), Patta- 
laksana, (the characteristics of the crown), the Khadga laksana (the charac- 
teristics of the sword). The next chapter relates to Vastu (building). This 
contains a very extensive description. It provides useful information regarding 
the choice of site and wood for the house and the method of building houses 
for different purposes. UTPALA has given five charts in the commentary on 
the work. The next chapter, entitled Udakārgala, mainly describes the art 
of water-finding and sets forth incidentally some ideas on geology. It is said 
that even now there are people who can direct one to a place, where water 
would be obtained after digging. Next comes the chapter on Vrksāyurveda 
(the therapy of trees), which contains some sound hints on Botany. Next 
„comes the chapter on Prāsādalaksaņa (characteristics of palaces), the next 
chapter headed Vajralepa, treats of the method of manufacturing some kind 
of lime. It is said to have been revealed by Maya. Further on comes the 
question of the idols of deities (that is, the method of moulding etc). Then 
comes the question of Vāstu pratisthā (the consecration of buildings). Further 
on are discussed the characteristics of cows, dogs, cocks, tortoises, goats, men 
and women. These are follbwed by the question of testing. the chowrie and 
the sceptre, some ideas on erotics, testing of jewels like diamonds, pearls, 
ruby etc. Then are discussed the questions regarding lights, cleaning of 
teeth, omens. These are followed by the results, auspicious or otherwise, 
of the cries of dogs and jackals. Next are considered the questions regarding 
dear, elephants etc. After this comes the description of the effects of tithi, 
naksatra and Karana and those of the transiting planets. 


The author has not seen many of Samhita works. However, all the earlier 
Samhita works such'as those by Garga and others, who lived before Varāha, 
appear to have dealt with these very subjects or some of them. The selection 
of auspicious time (muhürta) for ceremonies like marriage etc. appears to bea 
subject dealt with by samhitā works. But because Varāha had compiled 
separate work on pilgrimage and marriage, it appears that these subjects have 
not been included in this work. ~ 


Varāha has stated at several places that particular subjects have been treated 
as taught by particular Risis. The following names of Risis have occured 
in this connection.—Garga, Paragara, Asita, Devala, Vrddhagarga, Kasyapa, 
Bhrgu, Vasistha, Brhaspati, Manu, Maya, Sārasvata* and Risiputra. It 
appears, therefore, that so many samhitās were extant at the time of Varāha. 
There may have existed even more since Varāha has at some places remarked 
*anyàn bahün" (meaning ‘many others). The commentator has cited not 
only the views of the above authors in the commentary but has added many 
more from other authors also. Among these we find the quotations from 
Vyāsa, Bhānubhatta, Visnugupta, Visnucandra, Yavana, Roma, Siddhāsana 
Nandi, Nagnajit and others and also some from the work Bhadrabāhu. Some 
of these authors may have flourished before Varāha and some after him. The 
chapter on Vāstu (house building) contains quotations from Kiraņākhya 
Tantra, as also from Maya. 

The above list of subjects will show that it includes several sciences of the 
present day, which are related not only to astronomy but to other celestial 
phenomena also, and they include several natural phenomena relating to the 


— 


— +The name of S&rasvata occurs only in the chapter on Udakārgala and that of Maya 
in the chapter on Vastu and similar subjects. 
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earth. Besides these they treat in guestions bearing on every-day life. Some 
of these subjects had been considered long before Varāha's time and some 
others appear to have been under consideration from ancient times right up 
to his days. Varāha has recorded some views of his own at several places. 
Thus after citing the chapter on Udakārgala, as taught by the sage Sārasvata, 
he has given much information with the prefatory words “I shall now quote 
the views of human beings”. If the subjects in the Varāha Samhita had 
‘continued to be explored even later, the results would have proved very useful 
actording to the author's remarks before (page 80). But no single work 
er even a number of works was ever produced in later years which treated in 
all or most of the subjects dealt with in Varātia's Samhità. The work Muhūrta- 
tatva has discussed almost all the subjects in brief, and the work Jyotisadarpana 
contains a chapter on the subject of grahachàra' (movements of planets). 
But it would not be wrong to say that these subjects were consigned to oblivion 
after Varáha; some stray thoughts on two or three questions like ‘garbhavali.’ 
(conception of rain waters) are found in some works or in miscellaneous 
writings and they are even now taken into consideration by some people; 
"but very few of these writings are important. The chapter on Vastu (building) 
:is given by all works on muhūrta in the present times and it does contain some 
; useful information; however, their original object has been mostly forgotten 
rand now-a-days no one cares much to follow the method explained even in 
;the present-day works while who would care to observe a rule* which says, 
Hor instance, that the house would be auspicious or inauspicious according 
(to the remainder obtained by dividing the sum of the length and breadth 
"by a certain number. But while rejecting such rules, one is even disposed 
hot to consider and utilize useful information given in such works. 


MUHURTA WORKS 


.. Certain rules have been framed to show what moments prove beneficial 
if selected for performing the sanctifying ceremony of impregnation, for start- 
ang on journeys and for several other functions concerning every day life; and 
the moments thus selected are technically known as *muhurtas'. Formerly, 
"the consideration of such muhürtas formed part of the samhitā works; but 
"later on all other subjects in the samhità lost their importance and ceased to 
rexist, while *Muhürta' became their most dominant feature. Later, still, the, 


[works related to the selection of Muhürtas came to be styled *Muhurta-works'. 


THEIR CONTENTS 


A muhürta work commonly contains the following subjects :— 


„ The muhürta work usually contains a general chapter called the *tyājya 
sprakaraņa” (the chapter of taboos). It mentions the tithis, nakgatras etc. 
"which are prohibited for any auspicious ceremony. Next comes a general 
description of the nature, auspicious or otherwise, of tithi, day of the week, 
naksatra, yoga, samkrānti etc. Next come the muhürtas favourable for 
fifteen.sacraments such as impregnation and other sanctifying ceremonies,* 


*Some rules have been framed regarding the length and breadth corresponding to the 
auspicious and inauspicious nature of nakSatras, and much skill appears to have been used 
in it. The chapters on building in Muhürta Mārtanda, deal with areas and similar matters. 
Yt was once explained to a Joshi but it was apparent that very few Joshis understand the 
subject. How éan those who do not know even the A B C of geometry and mensuration 
understand the subject . 

24a 
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It includes an important and lengthy chapter on the horoscopic affinity of the 
prospective bride and bridegroom. 1n addition to this, it contains chapter 
on miscellaneous subjects like buildings, pilgrimage (travel), coronation 
etc. Some works deal with the *pacification-ceremony”* in connection with 
births under malefic naksatras in the chapter on naksatras. 


"The work Ratnamālā by ŠRĪPATI treats in these very subjects and nothing 
else, which ‘have been mentioned so far, as forming the contents of the Muhürta 
works. Šrīpati has only not named this work as a mühurta work, 
Ļater on people actually began to name such works as Muhūrta Mārtanda 
Sripati’s work has been compiled with the help of Lalla’s Ratnako$a. 
It appears that even Lalla’s work did not contain any subjects other than 
muhūrtas. No other work like Varaha’s Samhita appears to have been ever 
compiled after Varaha. It shows, therefore, that *Muhürta' alone constituted 
the third branch (skandha) of astronomy from about Saka 500 to 600. 


BASIS OF GOOD OR EVIL EFFECT 


The auspicious or inauspicious nature of naksatras in regard to the pers- 
formance of rites is based on such considerations as the names of naksatras 
and their controlling deities. The horse and other imaginary categories 
(yoni)** assigned to Ašvinī and other naksatras, the imaginary terms cara 
(movable), sthira (fixed) etc. the animals like ram etc. suggested by names like 
Meša (a ram) etc. given to signs, Mars and other lords of signs, Nanda and 
other names given to the tithis, lords of tithis and similar other things. For 
example the performance of a rite to ensure ‘fixity’ or stability under the in- 
fluence of a *movable''naksatra is regarded as inauspicious: if the birth naksa- 
tras of the bride and the bridegroom be Rohini and Uttarasadh2 respectively, 
then the union would prove unfortunate because these (naksatras) are regarded 
"as coming under the categories of snake and mongoose who are natural enemies 
and so on. 


- 


NEED OF MUHÜRTAS 


These muhürtas have intimate association with every day affairs of life 
and it will be seen from the discussion at several places in Part I that it has 
continued to exist from times immemorial. In the present times marriages 
cannot be performed at all without muhürtas. Ceremonies like the foundation 
of the house, entering a newly built house for the first time, sowing the corn 
and reaping the harvest, etc. cannot generally be undertaken without muhürtas, 
and there are many people who undertake many such affairs of practical 
life only after consulting the muhūrtas. It is not the followers of Vedic 
religion alone, who are guided by muhürtas; even the Lingāyats and 
‘Jains cannot get on for a moment without the muhūrtas. Even the 
Parsees and the Mohamedans seek the guidance of muhūrtas. The 
need of muhürtas has been one of the main causes for developing what 
little knowledge of astronomy had been vāji i our people and for 
keeping it alive till to-day. 


RE 

*The select:on of muhürta very often calls for the cons'deration of the birth-horoscope 
or horoscope for the moment in question, or both. The subject of horoscopes is discusse 
later on. Even the question of *Sadvargas" i is involved in the selection of the muhürtas for 
marriages etc. 


**Madhava, the Commentator of Ratnamà]à observes in the chapter on naksatras—these 


yonis, as originally devised by ‘agamas’ were introduced by former authors for the settlement 
of marriages etc, they do not exist in reality. 
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HISTORY OF MUHŪRTA WORKS 


"The review of this branch will be concluded after giving a brief history 
of the muhürta works and their authors. Even the following short account 
would show that numerous works on niuiurta have been compiled so far. The 
author mentions here only those about ae he knows something either directly . 
or through tradition. 


RATNAKOSA Tabout Saka 560) 


This is a work compiled by Lalla. The author has not seen it. Sripati 
has however, compiled his work Ratnàmaià on the basis of this work, which 
shows that it may have been like the present-day muhürta work. 


RATNAMALA (about Saka 961) s 


| This was compiled by Sripati. It contains only those subjects* which 
have been mentioned above as belonging to a muhürta work. It has acommeén- 
tary by Madhava. The date of Madhava is Saka 1185. He has cited passages 
from many other works. The author mentions here the names of those muhürta 
works and their compilers which have not been referred to before or even 
dater on. The names of the authors are **:— 


Sridhara, Brahmašambhu, Yogešwarācārya. (The last two names have 
-occurred in the chapter on ‘Vastu’ (building) The names of works are — 
Bhāskara, Vyavahāra Bhimaparākrama, Daivajiia Vallabha, Ācāra Sāra. ` 
This may be a work devoted to ritual, Trivikrama Sata, Kešava Vyavahāra, 
Tilak Vyavahāra, Yoga Yātrā, Vidyādhārī Vilāsa, Vivāha Patala, Višvakarma 
Šāstra (This name has occurred in the chapter on 'Vāstu') In addition to 
these, quotations have been taken also from such Jataka-works as Laghyijātaka 
Yavanajātaka, Vrddhajataka from Narapati Jayācārya, work on omens and 
from Vidvajjana-Vallabha a work on horāry astrology. 


' fn the chapter on the ‘days of the week’ he remarks, *'in this Ānandapura, 
the length of the shadow on the day of the equinox is 5:20 and the hypotenuse 
is 13:8", which shows that his place of residence may be Anand Pur : and 
this may be situated some where in latitude 24^. 


RAJAMARTANDA 
This is a work by BHoja ; its date may be about Saka 964. 
VIVAHA VRNDAVANA (Circa S. 1165) 


"An astronomer named Kešava compiled this work on ‘marriage’ which 
is usually the subject of a chapter in muhūrta works. This work has aiready 
been commented upon (on pages 127 and 194). The name KeSava 
occurs in Màdhava's commentary on Ratnamālā written in Saka 1185. This 


— 


*The commentator, however, remarks : _‘‘The author discourses with a view to expo- 
unding the subjects met with in the Samhita works". 


**Mādhava has incidentally cited passages from works related to other subjects also. 
The author mentions the works or their authors as they may prove useful :—Nyāya Ķira- 
màvali ; Kanada Sūtras ; Prašastakar Bhāsya ; Bhāsyottara Purāta ; Matsya Purāta ; Shiva 
Rahasya ; : Baudhāyana, Gfhāstha Dharma Samiuccaya ; ; Smrti Maiijari ; Saura Dharmottara, 
Skanda Purāņa ; Visņu Dharmottara ; Vi$varüpa ; Vijūyānešvar ; Purātasamuccaya Vāg- 


bata ; Yajfia-Vaikya Smrti ; Durga Simha ; Garuda Purana ; Visvadaréa Bhāsya ; Vaidya- 
nighanta ; Sufrutacikitsita. 
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leads to the inference that the selfsame Kešava may have been the author of 
Vivāha Vrndāvana and this lends support to the view that his date was about 
S.1165. A work entitled, Kešava Vyavahāra has been mentioned in Madhava’s 
commentary, which also may have been written by this Kešava. 


VIVÁHAP ATALA (by Sarangadhara) 


E This is a Muhürta work relating to the question of marriage. It refers to 
Hemādri and Mādhava, and it is referred *o in commentary on the work Vivāha 
Patala by Pitāmbara, written in S. 1446. The date of this work may therefore 
be about S. 1400. It seems that it was also entitled ‘Sāra Samuccaya.” The 
commentary on Muhürtatatva by Ganeša (circa. 1450) mentions Šāranga- 
dhara and Sāra Samuccaya. This also shows that the date of Srangadhara could 
not have been later than S. 1400. The author mentions here the names of some 
óf the authors and works that have not been considered before :— 


Authors :—HARI, GADADHARA, MUKUNDA, BHĀRGAVA, PAVANESVARA 
Laksmidharabhat. Works :—Muktāvali, Laksmidhara Patala, Gadādhara 
Patala, Ratnojvala Samhita. All these works and authors were probably 
concerned with Muhürta-Branch of astronomy. 


MUHÜRTA TATVA 


It was compiled by Kešava, a resident of the village of Nandigrāma. Hence 
his. date may be about Šaka 1420. The author not only deals with all the 
questions mentioned as belonging to muhürta works, but adds the remark, 
*here ends the part on muhürta, and that on samhità begins", and briefly 
discusses a good many questions from Varaha Samhita, like the movements 
of planets, plànetary fights etc. It does not however appear that any one in 
his time,had been making any use of such information. This work contains 
a chapter on ‘ships’ which is a special feature. It follows the chapter on travel, 
and gives advice regarding auspicious times for ship-building, for landing, for 
landing ships, and for travelling in ships. No other work on *muhürta' appears 
to have dealt with this question. The commentary on the work does not con- 
tain any quotations from previous writers taken in support of any statement. 
The words nal (bow) sukán (helm) have been used in the verses. Upon this, 
Gane$a Daivajiia the commentator observes, “these popular terms have been 
admitted into the original, as other suitable terms are not found in the dictio- 
naries.” It appears that he may have been a resident of a place on the sea 
coast, and as seafaring fishermen used to consult him for muhürta he appears 
to have compiled this chapter anew.  Nàvapradipa is another independent 
work* to his credit. The work Muhürta Tatva is at present in use. The 
author's son GANESA Daivajiia has written a commentary on it. Its date 
: appears to be about Saka 1450. Jt has been printed. The author mentions 
from it the names ofsuch works and authors as have not been referred 
t o before. 


Authors :—VASANTA RAJA, BHUPALA, NRSIMHA. 


"Works :— Vivàha Patala, Jyotihsāra, Santi Patala, Samhita dipaka Sana- 
graha. Muhūrtasaņgraha, Arnava, Vidhiratna, Sridhariya, Jyotisārka, Bhupāla 
vallabha, Jyotig Prakāša* *. 


*Deccan College Library, No. 332 of 1882-83. 
. **Names of books relating to other subjects are :— Bhàgavata, Ašvalāyana a 
kārikā, a al puran a, Smrtyarthasára, Smīti -Ršinavalī, Naitzdha Kavya and Nrsimha. 
Prabandha. 


X 
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VIVĀHA PATALA (by Pitāmbara) 


This work, compiled in Šaka 1444, corsists of 52 verses. The author 
himself has written on it an exhaustive commentary entitled *"Nirņayāmrta”. 
in Saka 1446. The name of Pitāmbara's father was RAMA and that of his 
grana father, JAGANNATHA. He was a Gauda Brahmana residing at STAMBHA- 
TIRTHA (Khambayat, Cambay) near tbe mouth of the river Mahi. The author 
mentions here such names of authors and astronomical works as have been 
in the commentary***, but not noticed in his account so far. 


. Authors |PRABHĀKARA, VAIDYANĀTHA, MADHUSÜDANA, VASANTARA JA? 
SURESVARA, VAMANA, BHAGURI, ASADHARA, ANANTA BHATTA, MADANA, 
BHUPĀLA VALLABHA. i 


Works :—Cintāmaņi, Vivāha Kaumudi, Vivāha Patala by Vašdyanātha, 
Vyavahāra Tatvašata, Rūpa Nārāyana Grantha, Jyotisa Prakāša, Samhitā 
Pradipa, Cūdā ratna, Samhītāsāra, Maufiji Patala, Dharmatatvakalanidhi 
Sangraha, Trivikrama Bhàsya, Jyotissāgara, Jyotirnibandha, Sandehadosausa- 
dha, Sajjana Vallabha, Jyotisa Cintàmani, Jyotirvivarana, Jyotirviveka, 
Phalapradipa, Goraja Patala and Kāla Viveka. Al) these works and authors 
were mainly concerned with the Muhirta branch. Jn addition to these, the 
names of Tājika Tilaka and Sāmudra Tilaka have also occurred in the works. 


As for works on other subjects, a dictionary entitled Sabda Ratnàkara has aiso 
been mentioned. : 


" JYOTISA DARPANA 


This work was compiled in Saka 1479, by a Jyotisi named KANCH PALLU. 
It is written partly in prose and partly in verse form. The copy of the work 
that happened to be seen by the author was incomplete. It appears to deal 
first with the question of Grahacāra, (movements of planets) and this 
was probably followed by the chapter on Muhürta. The author was a 
Brāhmana, belonging to the Kanva branch of the Vatsa gotra. His place of 
residence was a village named Kondapalli. He has given the length of the 
equinoctial shadow of the place as 3-36 and dešēntara (longitude) as 40 East. 
He claims that his almanac is in use up to Kanchi. The god Nrsimha at 
Nargiri was his familv deity. He has referred to a work named Pailu Bhatiya. 


MUHÜRTA MĀRTANDA (Šaka 1493) 


The account of Nārāyaņa, its author, has already been given ( on page 150). 
He seems to have studied under the care of his father. He has himself written 
a commentary on his own work. This work is very much in popular use at 
the present time. This consists:of 160 verses in different metres. Many 
people study the work as if it were a poem of literary merit. The work is 
confined only to those subjects which come within the jurisdiction of. muhürta 
works. The author, however, remarks at the beginning of the commentary : 
“Desirous of compiling a samhità work the author writes" —The commentary 
cites passages from several writers. The names of authors and muhürta 
works which have not been noticed before are mentioned below : 


Authors :—Gopiraj, Menganath, Mhalugi (These names occur in the 
chapter on Vastu). 


M — 


***The commentary on Muhürtatatva belongs to about the same date as this commen- 
tery’. But its accurate date is not known. Hence, the names of works etc. mentioned 
under the former have been repeated here, wherever they occur. 
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Works :—Udvāhatatva, Muhūrta Darpana, Kašyapa Patala, Samhita 
Sarāvalī, Vyavahārasāra Silpaéastra, Brhad Vāstupaddhati, Samarangana 
Vyavahāra Sārasvata, (the last six out of these names occur in Vāstuprakaraņa) 
Ratnāvali : the names of Sphutakaraņa (Maths) and Jāta Kottama (astrology) 
are the additional names* which occur in the commentary. This work has 
been published together with commentary. 


TODARĀNANDA 


This voluminous work by Nilkantha belongs to Saka 1509 (Circa). The 
author has seen a portion of the work in which are cited a number of passages 
from the following authors and works. The authors are :— Cande$vara, 
Yavanešvara, Durgāditya. And the works are:—Daivajīa Manohara, 
Vyavahārochaya, Kalpalatā. (See Page 148). 


MUHŪRTA CINTĀMAŅI 


Ramabhata, a Jyotisi, compiled this work in Šaka 1522. Some account 
of this Ramabhata hās already appeared before (Page 151). It contains 
the same subjects as are usually found in muhürta works. Its influence is 
widespread. It has a commentary named Pramitāksarā by the author himself 
and another named Pīyūsadhārā by his nephew GOVINDA. Both of them have 
been printed. The names of astronomical works, occurring in the commen- 
tary on Piyūsadhārā (Saka 1525) and not referred to before, are :—Jagan- 
mohana, Jyotisa Ratna Samgrha. 


MUHÜRTA CÜDAMANI 


A Jyotisi named Shiva compiled this work. The family history of Shiva 
has already been given (Page 157). The date of this work may have been 
aboüt Saka 1540. 


MUHÜRTA KALPADRUMA 


Vithal Diksita, of Krsņātri gotra, wrote this work. It bears a commentary 
named Muhürta Kalpa-Druma-Mafijari, by the writer himself, written in 
Saka 1549. 


MUHŪRTA MĀLĀ 


This work was written at Varanashi hy Jyotisi Raghunātha in Vikrama 
Samvat 1717 (i.e. Saka 1582; 1660 A.D.) Raghunātha was a Gitpavana 
Brāhmaņa of Šāndilya gotra. His ancestors used to reside at PALSHET 
south of Dabhol, in South Konkan. His grand father's name was Kešava. 
His father Nrsimha went to Varanasi and established himself there. He had 
the patronage of Emperor Akbar. Raghunatha received the title of Jyotirvit- 
sarasa, when Akbar captured the fort of Aseri. The writer has given the follo- 
wing account in a verse : ; 


*Names of authors and works 1elating to other subjects :— , 
Brahmapurāņa, Kātyāyana Grhya Karka, Kātyāyana Grhya Harihara Mišra 
Vyākhyā, Kālanirnayadīpikā savivaraņa ; Markandeya Purāņa, Dhananjaya 
koša (Dictionary), Anekārtha Dhvani mafijarī (Dict.) Smrti Sārāvali, S hulba 
Sūtra, Halāyudha Koša, Dharma Pradīpa, Tirtha Khanda, Pitr khanda, Preta 
Maiijari, Aditya Purana. 
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frr TMM TMNT ATT FU 
aatrtaamē TAA AAATTAT: M 
‘I have undertaken this work when Emperor Aurangzeb is ruling the earth, 
e 


after conquering Dara, Shuja and Murad”. 
This work has been printed. 


MUHŪRTA DĪPAKA 


Jyotisi MAHADEVA compiled this work in Saka 1583. Mahādeva was a 
Tesident of Bhuj (Cutch). His father's name was Kanhaji. He has extolled 
his father by calling him *Raivataka Raja Püjita Pada” (i.e. one whose feet were 
"worshipped by the king of Raivataka). In enumerating his contemplated works 
he mentions inter alia Vyavahāra Prakāša and Rāja Vallabha, which have not 
been noticed so far. This work is available in printed form. It bears a 
«commentary bv the author himself. According to AUFRECHT, the commentary 
contains the names of following works, not referred: to before :—Amrta 
Kumbha, T.aksana Samuccaya, and Sāra Samgraha. 


MUHŪRTA GANAPATI 


A Jyotisi named Ganapati, wrote this work in Vikrama Samvat 1742 . 
(Saka 1607). In his account he observes :— 


dAd fart fnr rera iiaa Sa 
aaraa Raa err ou feectt* caer d 
aaa (dat adea faeītad aiar o! 


This king Manohara, has been alluded by the author as "Gaudānvaya 
Kumudagaņānāndicandra”. The work was compiled as desired by his son 
YUVARĀJA RĀMA. The author was an Audicya Gurjara Brāhmaņa and 
belonging to Bharadvāja gotra. His surname appears to have been Rāvala. 
"The names of his ancestors from the father upwards were : Harisaükara, 
Rāmadāsa, YaSodhara and Brahmarsi respectively. 


This work has been printed. 
MUHÜRTA SINDHU 


GANGADHAR SHASTRI DATAR (Born in Saka 1744, died in Saka 1210) 
"wrote a Sanskrit-Marathi-work in Saka 1805, entitled ‘“Muhirta Sindhu”. 
This work has dealt with Muhürtas in detail, discussing their exceptions and 
counter-exceptions and quotir g chapter and verse from 38 different works, in 
support of his statements. The work has been printed. 


Some more information about works on Samhita and Muhirta are given 


below. These were obtained after 472 pages of Dixit's original work were- 
printed. 


VIDVAJJANA VALLABHA 


The following information about this work is available from the list of 


*—  — ÁÁ— e 


*This emperor must be Aurangzeb. 
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books in the Maharashtra Government **] ibrary, Tanjore :— 


This work was compiled by Buo3A (which means that it belongs to Saka 
964 Circa). It contains the following chapters :—' 


(1) Gain and Loss (2) Arrival and Departure of enemies. (3) Departure 
and Return. (4) Return of emissaries. (5) Travel. (6) Success and Failure 
(7).Truce. (8) Places of refuge. (9) Bondage and Freedom. (10) Patients 
(11) Birth of a daughter. (12) Conception. (13) Birth. (14) Rainfall (15) 
Buried treasure. (16) (incomplete). (17) Miscellaneous. (18) Anxiety. 


It consists of about 185 verses in all. One wonders why Bhoja compiled 
another work, when Raja Mārtaņda a work on Samhitā branch, was already 
compiled. However,even if this work be attributed to some one else, there is 
no doubt that it belongs to a date earlier thar. Saka 1185, because its name 
occurs in Mādhava's commentary on Ratnamālā. 


ADBHUTA SAGARA 


MAHARAJA BALLĀLSEN, the king of Mithila mandal, compiled this work. 
Ballālsen ascended the throne in Saka 1082 and it is stated in the work that it 
was written by him in Saka 1090. The author has not seen if it contains any 
subject other than those in Varáha Samhitā. However, Sudhākara writes that 
the work is worth seeing. The chapters in it are called āvarta”. It is stated 
in the chapter on eclipse that “‘if a hole is seen in the disc of the sun, without 
there being a transit of Venus or Mercury, it forebodes an attack by forei- 
gners". lt shows that the “Piercing of the sun by, Mercury and Venus" was 
known to them : and theappearance of holes in the sun's disc in the absence 
of this phenomenon is nothing but the appearance of sun spots. The author 
of the text remarks, *I have properly noted the occurrence of ayanāmšas, (and 
I have determined the ayanāmša from them)". This indicates bis love of 
research. The work mentions a number of other works and writers, such as 
VASANTA RAJA and PRABHĀKARA among authors and Vatakanika, Visnu 
Dharmottara and Bhágvata among the works. 


VYAVAHARA PRADIPA 


This is a good work on the Muhürta branch of Samhitā by PADMANABHA. 
Padmanābha was the son of Krsņadāsa, grand son of Gangaddsa and great 
grand son of Sivadàsa, a Brāhmana resident of the town named Yamunāpura. 
His work contains quotations from such works as Bhima Parākrama, Sripati's 
Ratnainālā, Dīpikā Rupa Narayana, Raja Mārtaņda, Sāra Sagara, Ratnavali, 
Jyotistantra (a work on astronomy), Vyāvahāra Caņdešwara and Muktāvalī. 
SUDHAKARA remarks that this Padmanābha is the same as the one mentioned by 
Blāskara as a writer on Algebra. But it has already been pointed out before 
(Page 95) that Padmanābha, the writer on Algebra, lived before Saka 
700; and the works Vyavahāra Pradipa refers to Ratnamālā and Rāja Mārtaņda. 


"It was evidently written sometime after Saka 964. Padmanābha”s work also 


gives quotations from the Sūrya-Siddhānta, Varāha Samhitā and other works, 
bb a ASINI EQUI NN UMEN eee MIN HERMES NECI 

**Vyankoji (Ekoji), brother of Shivaji and his descendants ruled over Tanjore. A. 
very fine library had been maintained by these kings in the.royal palace at Tanjore. 
catalogue of the books, prepared by A.C. Burnell under the orders of the Madras Govern. 
ment was printed in 1879 A.D. King Tulaji, a descendant of the family, was on the throne 
from 1765 to 1788 A.D. The Library contains books written by him or under his direction. 
Probably this collection of books was mainly originated in his regime. 
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and they are found in the modern S.S. and other works. But the Siddhānta 
iromaņi *gives 4 verses, of which one is Padmanābha's own verse and the 

remaining three have been quoted by him as from each of the works Saunak 

Samhita, Vasistha Samhita and Jyotistantra. This indicates, according to 

Sudhākara, that Bhāskara must have borrowed these verses from the respec- 

tive works. But from the nature of the verses, it is felt that Padmanābha's 

MARIAE itself unreliable and it is the author's opinion that he lived after 
aka : 


JYOTIRVIDABHARANA 


This is a work on Muhürta. It is stated in it that it was written in Kali 
elapsed year 3068, by KĀLIDĀSA who was the author of Raghuvamsam and 
other works. But it is false. (see page 75).  Accordirg to this work, 
the declinations of the sun and the moon become equal when the third part of 
Aindra yoga has passed. From this his date comes to about Saka 1164. If 
Kālidāsa is at all the name of its author, he must have been different from the 
author of the Raghuvamsam. 


JYOTIRNIBANDHA 


This Muhürta work meant for religious purposes was compiled by SivA- 
DASA. As it is referred to-in the commentary on Vivaha-Patala by Pitambara, 
it appears to belong to a date earlier than Saka 1446. 


There are several additional Muhūrta works about the dates of wihch only 
something is known. 


SAKUNA 


This also is a part of Samhiā branch. There is a very ancient work named 
Narapatijayacaryā on the subject, in Vikrama Samvat 1282 (i.e. Saka 1097). 
NARAPATI wrote this work at Anhil-Pattan. Narapati seems to have been a 
Jain. His father AMRADEVA, was a very learned man and a resident of DHARA. 
This book mainly deals with good or evil results affecting kings corresponding 
to a ‘svara’ (breath). The author has stated the number of verses in it to be 
4500. This work appears to have been known also as Svarodaya and Sāro- 
ddhara. The works consulted by the author have been enumerated, thus in 
the beginning. 


TAT AAMT weg at aaia 11 Stated da ifs dtaduā uv ou 
Tatra faa Gana TARA) cw ratu TAT WaT ATES TA AIS 
KĀTA WK UU gaada red (du «rit reb) a aii saaa N 
verba qehesfredui sama 114 u nAg saeni 

“I compile the work Sāroddāhra, after studying the following works :— 


The seven Yāmalas, Yuddhajayārņava, Kaumāri Kauśala, Yogasambhava 
of the yogīs, Rakta Trimūrtikam, Svara Simha, Svarārņava, Bhubala, Gāruda, 
Lampata. Svarabhairava, Tantravala, Tākhya (Runāiga, Daksa). The 
Siddhanta named Jayapaddhati : Patauka Sri Darpaņa and Jyotisārņava.”” 


*'"Tusyantu"-5th verse, from Madhyamādhikāra, in Ganitadhyāya, “Divyam Jnyā-. 
7-9th verse from Chedaka, in Golādhyaya. **Yo veda........ ".8th verse, from Gola 
Asamkra........ “6th verse, Madhyamādhikāra. , 
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Jn addition to this, the names of the authors, VASANTA RĀJA and the works 
Gaņitasāra and Cūdamaņi *also occur in it. It, therefore, shows that all these 
works belong to a date earlier than Saka 1097. There is a commentary named 
Jayalakgmī by Harivamša on the Narapati Jayacaryà ; similarly, Narahari, 
Bhüdhar and Ramanath have also written commentaries **on it. Rama Vaj- 
pai ***son of Süryadas, a resident of the holy city of Naimisa, has compiled 
a work, named Samara Sāra on the science of ‘svara’ His brother Bharat has - 
written a commentary on it. This 'Svara-$àstra' is mainly based on the nature 
of the air breathed through the nostrils: There are several other works on 
:the subject. 


III—JĀTAKA SKANDHA 
(Natal Astrology) U 
DEFINITION . 


* That science is called Hora Sastra or Jātaka (Natal Astrology) which decides 
"what happiness or misery would fall to the tot of the native during his life, 
from a consideration of the planets in the ascendant at birth or in different 
positions from the ascendamt or in the positions in relation to the moon's 
"Sign at birth, or from a consideration of the tithi, naksatra etc. at the time of 
birth or, in short, from the planetary positions at the time of birth. There 
is a subsection of astrology which is known as the Tajika’. It will be discussed 
later on. The author first describes the science of astrology in brief. 


The diagram drawn ih the margin is known 
as Kundali (Horoscope). The number indica- 
ting the rising sign] (ascendant) at birth is 
noted in the place numbered one(1).This bouse 
is always termed the ‘first ‘house’, no matter 
what sigr. out of the twelve occupies it. The 

"places marked 2, 3, etc. in the horoscope are 
respectively called the “second house’, third 
house' and so on, and the planets are posited 
in the respective houses according to the signs 
they occupy at birth. These twelve houses 
are successively termed: body wealth, 
brothers, friends, sons, enemies, wife, death, religion, occupation gains 
and expenses. All matters denoted by these terms, as also other matters 
associated with them are considered on the basis of the planets occupying the 
Signs in the houses and the aspectual and other relations of other planets to 


*Rāja Mārtaņda refers to Cüdamani, which shows that the Muhürta work was written 
‘sometime before Saka 964. 


**This information about the work Narapatijayacaryā bas been collected from five 
different books. Nar: pati states that he has described the complete system of Mathematical 
astronomy in his work, Jyotisa Kalpa Vrksa. 


***This Rama observes that he has a Karana work to his credit. He has similarly 


written a book on the subject, **Kunda", (i.e. a bowel shaped holy vessel); it belongs 
1o Saka 1371. > 


tThe Ascendant at birth means that sign which is rising on the horizon at the time of 
birth. The birth horoscope should be held ina plane perpendicular to the earth and passing 
through the plane of theecliptic. The house indicating the ascendant should be held towards 
the East and the 7th house towards the West. That will represent the positions of planets 
i! the sky at the desired moment. The upper half is visible and the lower helfis ‘set’. The 
enth house come: just below the zenith and the 4th house in the nadir. 
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those houses. For example, all problems relating to wife are judged from the 
seventh house. These twelve houses are known by other names also. It 
is not that these are orly 12 things in life which make a man happy or unhappy. 
But the names given to the houses setve as general keywords. The problem 
under corsideration is supposed to fall witBin the perview of one of the twelve 
houses. For example, all problems related to the king are to be consideged 
from the tenth house. Most of the questions are to be judged from the horos- 
cope of birth., On rare occcasions, they are considered on the basis of the 
‘“rasikundali’’, that is that horoscope, in which the sign occupied by the moon 
at birth is placed in the first house. Other types of horoscopes have also 
been devised. It has been assumed that a particular sig: is the ‘own-house’ 
or the "Uchcha' (i.e. sign of exaltation) of a particular planet. Cancer and 
Leb are respectively under the ownership of the sun and the moon. The 
signs on either side of these, viz. Gemini and Virgo are of Mercury. The 
next signs on either side, viz. Taurus and Libra are the own houses of Venus, 
Those beyond the two, viz. Aries and Scorpio are owned by Mars. Those: 
still beyond viz. Pisces and Sagittarius are owned by Jupiter ; and. iastly, 
Capricon and Aquarius have been assumedto be the own houses of Saturn. 
The signs of exaltation are not governed by any order. The mathematical 
positions of "Uchcha' (aphelia) are quite different. For instance, the sun's 
mathematical positions of "Uchcha' (apogee) at the present time is nirayana 
Mithuna (Gemini) and sāyana Karka (Cancer) But in astrology, Mesa is 
the "Uchcha' of the sun. It is mot known on what principle these Uchchas 
have been determined. The sāyana aphelia have got considerable motion. - 
Hence some people maintain that the points of exaltation in astrology were 
determined at a time when they actually coincided with the orbital ‘Uchchas’ 
or aphelia of the planets according to the sayana measure. The followers of 
nirayana system will never accept the view. But even if the theory is considered 
plausible, it is hardly acceptable from the chronological point of view. The . 
sun's apogee was in sayana Aries between 4100 B.S. and 2300 B.S. Circa. 
The “Uchcha” of Mars in astrology is Capricon, while its orbital uchcha 
(aphelion) was in sāyana Capricorn between the years 11500 B.S. and 9700 - 
B.S. and never later than that. But when it isextremely doubtful whether 
the science of astrology had come into being at all in such ancient times, how 
can the theory be regarded as even plausible ? There are some persons who 
believe that Mesa and other terms existed in such ancient times, that the pla- 
nets were known, and that over and above this astronomy ahd astrology had 
reached a very high level. But the author does not consider it possible. Leaving - 
this question aside, one finds that friendship and enmity among the planets havé 
also been postulated. It is further assumed that when planets occupy their 
own signs or signs of exaltation they produce a highly benefic effect, 1f they 
are in their fall or in houses owned by their enemies. The effect is different 
and a still different effect follows if the planets are retrograde, and the planets 
show benefic or evil effects or more or less powerul effects according to their ` 
aspects to other house. Some of the ideas appear to have been based on the 
common experiences in practical life but there are others that defy explanation. 
Again not all authors are unanimous regarding the results ; one comes across . 
diyergent views on many a point. At present European astrologers read the 
horoscopes on the basis of the sayana signs. MADHAVARAO BRAHMAJI, 
Jeevanrao Tryambakrao CHirNis *and others claim that the interpretations 
of planets given in our ancient works can be verified much better on the basis. 
of the sāvana system than on that of the niravaņa system. 


'*Both of them live in Bombay at present. Sce page 323. 
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MAN EN RAPPORT WITH PLANETS 


Many people are sceptical as regards the connection between the planets 
in the sky and the affairs of human life, and their scepticism is quite natural. 
But the author believes that such ¢onnection exists. It is not possible 
at d erem to explain with precision why it should be so but the fact remains 

all the same. The following account of astrologer Patvardhan, who used 
A guess the birth ascendant correctly by simply observing the physical traits 
Gf people may make his point clear to the readers. 


BABAJI KASHINATH PATVARDHAN 


He is better known as Mahadkar. He was born on the 14th lunar day of the 
dark half of Vaisákha in Saka 1787, when the ascending sign was Sagittarius, 
at Pacher Sada alias MQBHAR, near Chiplun. The extraordinary 
knowledge of astrology which. he possesses is mostly self-acquired. 
His father died when he was in his 13th year. He received his early Marathi 
education, first at Ganapati Pule in 1877 A.D. then at Malgund from 1878 
to 1880 artd then up to 1882 at the Marathi School No. 1 at THANA. Latér 
on, in 1883, he was employed in the Court in Alibag district. He continued 
in Alibag court up to 1886 and then joined the court at Mahad ; hence, he 
became known as Mahadkar. Since 1893, he has left service and 
is carrying on legal practice at Ichalkaranji and mainly at Kolhapur. Most 
of his time is spent in other activities. In 1882, he met a Dravidian astrologer 
who was rather eccentric. He told Patvardhan certain basic principles of 
finding the birth ascendant by observing the physical traits of people. Later 
on, he developed this knowledge by reading serveral books himself reconciling 
as far as possible the different hints about physical traits gathered from different 
books and framing rules by observing hundreds of people. He became famous 
for the knowledge since 1891. He displays a very keen intelligence in casting 
horoscopes simply from the physiognamy of people; for a moment he sees 
a person and he can cast his horoscope. He does so mainly by looking at 
the facial signs and sometimes by observing the tongue and the palm. He 
not only tells what the ascendant was and how the planets were placed at the 
time of birth by observing the physical traits but can also mention the cegree 
of the sign occupied by every point. It has been the author's experience that . 
there used to be gt the most an error of only a degree or two. It is not that 
he always told the degrees of planets. He generally gave out only the signs. 
"Any Josi who knows mathematical astronomy can tell the date and time of 
birth if the native and his horoscope are before him. Jupiter returns to the’ 
same sign after 12 years and Saturn after 30. The Sun comes to Aries in every 
Caitra and so on. The tithi can be found from the distance between the sun 
and the moon. It is, therefore, evident that these conditions can help in 
finding the time of birth. If the birth-time of a person is given, the ascending 
sign at that moment and the positions of planets can be found with the help 
ofastronomy. But Patvardhan can find the ascendant and planetary positions 
from the physical traits ; in other words, he can correctly say what sign was 
ascending at birth and how the planets were located in the houses. When 
these are inserted in the horoscope, the time of birth can be found by following 


the method described above. 


This leads to the conclusion that the planetary positions in the sky and 
the sign ascending at the moment of birth give rise to certain physical traits. 
This goes to prove that man is en rapport with planets. 
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Many objections can, of course, be raised against this belief. It is needless 
to consider them at this place : and the matter cannot be considered fully till 
one can master the knowledge which Patvardhan has acquired. It has 
however, been stated that the conclusion which could be drawn has been put 
after consideration of the likely objections as far as possible. 


Patvardhan tells people simply the time of birth and gives a brief reading, 
but nobody is able to say how he is able to do this. . Hence they are unable to 
appreciate the importance.of his art. Some people even think that the time 
of birth can be found by means of siddhi or psychic power developed through 
mantras. But this is wrong. The method of finding the ascendant at 
birth by observing simply the physical traits may be called sdmudrik 
(Palmistry). But the sāmudrik of Patvardhan has a close connection with 
astrology. It is the author's experience that many of the events, past and 
future, told by Patvardhan are found to be correct. But this branch of 
knowledge has not yet been completely mastered by him. Rules must be 
framed after verifying hundreds of cases. Patvardhan is mainly interested 
in finding ascendant at birth by observing physical traits. But even then, 
an instance may be cited where the ascendant could not be definitely given, 
where it remained doubtful: but such instances are few and far between. 
Again at times, the time of birth goes wrong by a year, a month, or a day ; 
and this is due to a very trivial cause. Jupiter stays in a sign for one year ; 
but it is not necessarilv the case that it enters a new sign just in Caitra ; it may 
be found to occupy the same sign during two Saka years. For example, 
Jupiter will occupy the sign Leo both during Saka 1818 and 1819. The sun 
remains in the sign Mesa both in Caitra and Vaišākha. The sameisthe case 
with other months. The moon occupies a sign for about 2% days. Hence, 
if an attempt is made to find the time of birth simply ftom the planetary posi- 
tions in signs, the above error is sometimes likely $ occur. Patvardhan 
knows how to find the planetary positions in terms of degrees in a sign. If these 
degrees are referred to the almanac there would be no room for error. If he : 
attempts to tell the time of birth after carefully consulting the almanac, it is 
sure that his answer would be found to be correct in the case of atleast 8 out 
of 10 horoscopes. 


MUTUAL RELATION BETWEEN MAN AND MAN 


The author came across instances in which Patvardhan correctly casts 
the horoscope of the son by observing the features of his father. He cites 
one such case. He cast within 15 to 20 minutes the horoscope, along with 
the positions of almost all the planets of Ganesh, the son of R.B. Narayanbhai 
Dandekar, after observing the latter's face. This feat has not been mentioned 
in any book.  Patvardhan has himself hit upon the method by intuition. 
Anyway, it cannot be foreseen to-day what miracles would be possible through 
astrology. This science must be developed after testing cases by experience 
and then astrology like several other modern sciences would, it is believed, 
prove to be an excellent empirical science. i 


SCIENCE OF ASTROLOGY ' 


There resides in Kumbhakonam a Südra named Govind Chetty. His art 
is even more.amazing than that of Patvardhan. It is reported that he not 
only tells the correct time of birth but also the questions in any one's mind in 
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any language together with their answers. But it could not be known if he 
does this with the help of astrology. He is not known to have written a work 
on this subject, nor has Patvardhan written any book so far. If they do, 
that would be a lasting benefit to the world. Otherwise, their gifts would only 
pass into the realm of anecdote where we hear so much about Josis who once 
displayed marvellous powers of prediction, but whose trace was completely 
lost in course of time. Works on astrology do mention some methods of 
finding the birth ascendant from one's physical traits. But if there are some 
books on the art of Patvardhan and Govind Chetty, they are not accessible 
to all. There is however no doubt that the basic principles of this art are 


traditional. 


Blessed are they who first determined the fundamental principles of astro- 
logy. They, for instance,discovered rules like the following : That certain 
peculiarities attend certain ascendants ; that the bodily condition of the native 
ts to be judged from the first house ; that of the wife from the seventh ; that of 
wealth is considered from a particular house ; that a particular line on the palm 
denotes that the sun occupied a particular sign at birth and so on. We can 
safely say for the present that the science of astrology is built on some good 
foundation and that man is en rapport with planets.* It is difficult to describe 
briefly the true ‘nature of astrological works. It is, therefore, proposed to 
relate the history of this branch in brief. `~ 


HISTORY 


"We know that tbe ‘divine’ works on astrology extant at present are Gauti- 
Jataka and Kālacakrajātaka or Kālajātaka, and the ‘non-human’ or 'arga* 
works (i.e. those compiled by sAGES), are Pārāšarī, Jaiminī Sūtra and Bhrgu 
Samhitā. « The Paragssi has two editicns-Brhat and Laghu.: The most ancient 
of the existing 'manrtēde' works on astrology is the Brhajjataka of VARAHA- 
MIHIRA. At the ettd of the work, Varāha remarks. 


afara wae set muefafext «ft waz Ou 
ITEE. 


*Ever since Šaka 1815, theauthor has devoted considerable thought and effort in the light 
of Patvardhan's art to decide the question whether the :áyana or nirayana system is true to 
nature so far as astrolcgy is concerned. But no decision seems to be possible for the present. 
The positions of some planets, discerned by Patvardhan from physical traits are relative. 
For instance, he comes to know after reading the face, that there is a difference of 2° between 
the sun.and Mercury or that a partieular planet occupied a particular place from the ascen-. 
dant. This does not lead to any decision. A still more important point is that the indica. 
tions now established by Patvardhan were first based on Keropant's Patvardhanī Paficdnga. 
For example, he observed ina number of cases that a particular feature was connected accor- 
ding to Patvardhani Paficanga with a certain degree on the ascerdapt ora certain degree 
denoted bya particular planet and then made ita nileto link that degree with the ascendant 
or planet in appropriate cases. He could as well have established such rules on the basis of 
the syng almanac from thé very beginning. If people well-versed in Patvardhan's lore 
and able fò understand the difference between sãyana and nirayata systems would continually 
toil for keeping a record for five or six centuries, the difference in the sāyana and nirayaņa . 
positions of planets show an excess of 18? over the (nirayana) positions which Patverdhan 
sets down from the physiognamy of the native. If after 600 years it is noticed that, maintai- . 
ning Patvardhan’s rules, the difference between the positions of planets as found from physical | 
features and the sāyāna positions comes to 18° degrees only, the natural system for astrolo- 

gical purposes would prove to bea sāyana, and if it.comes to 26°, then it would prove to be 
"purely sidereal (i.č. nirāyata). While reading horoscopes, Patvadhan adopts the nirayaņa 
` signs of exaltations and ownership, as also the nirayana signs occupied by the planets and 
the ascendant. Nothing, however, can be decided from this, 
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meaning, **Varāhamihira after studying the views of sages, compiled this 
beautiful work on astrology." Chapter, headed 'conciusion.' Elsewhere, Chap 
6, Verse 10, he also uses the word “‘Munigaditam” meaning ‘mentioned by 
SAGES’. He has referred to PARĀSARA twice. He has referred to MANDAVYA 
in the chapter on ‘Graha-Gocara’ in Brhai Samhita. Similarly, Bhatotpala, 
the commentator on Brhatjjātaka has given quotations about astrology from 
the Gàrgi, Bādarāyaņa, Yajfiyavalkya and Mandavya works. 


They include quite a large number of quotations from the Gārgi. Their 
works must have existed before Varāha. lt shows *that there were at least 
five works compiled by sAGrs before Varāhamihira. In addition to these 
names, Varāha has referred to Acáryas like SATYA, MAYA, YAVANA, MANITHYA, 
JIVASARMA, VISNUGUPTA**. Out of these, Satya's name occurs six times. 
There are, in addition, several vague references like according to one, some 
one, others, earlier šāstras, the earlier writers, etc." From this it appears 
that a number of * human authors " had lived before Varāhamihira. He 
has definitely mentioned the names of Six Acāryas, that 10 to 12 works were 
compiled, that they became popular and that five of them came to be adored 
as ‘compilations of sacES'—These things could not have possibly happened 
during a period of 50 or 100 years. They would easily require five or six 
centuries tor this ; and Utpala remarks (commentary on 7.7 of Brhajjātaka) 
that the Visnugupta, referred to by Varāha, was CANAKYA himself. From 
this, he was possibly Cāņakya Visņugupta, the minister of CANDRAGUPTA ; 
and there are no reasons to disbelieve this surmise. 


BEGINNING OF THE PRESENT SYSTEM OF ASTROLOGY 


It, therefore, shows that works on astrology existed about 800 years before 
the time of Varāhamihira, which means that our people had developed the 
knowledge of astrology 4 or 5 centuries before the Sakas. Even though it 
might not have existed in the same condition in the beginning as at the time of 
Varāha, it must have gradually developed into that state. The present system 
of astrology may have come into vogue from the time when Mesa and other 
names of rāšis were introduced about 500 years before Saka era. It was, of 
course, preceded by the astrological system of the Atharva Veda. 


If the knowledge of astrology dates as far back as 5 centuries before Saka 
era, the system of mathematical branch of astronomy must have been equally 
ancient, because, no astrological consideraion is possible, unless the positions 
of planets in signs are known and the earlier discussion has shown that there 
is no reason for presuming that the branch of astronomy had not reached 
such maturity in such a remote period of antiquity. Moreover, it must be 
remembered that even though the mathematical branch had not been completely 
mastered, in other words even though the knowledge of true places and motions 
of planets was not attained, the ancients at least knew the mean motions and 
positions of planets and had undoubtedly attained before 500 B.S. a general 


* Additional quotations from other sages such as Garga, Vašistha, Bharadwāj, Saunaka 
and Air: are found in other books, There is reported to be another work entitled Varuņa 
Samhitā, 


**Tn addition to this, the names of Devasvàmi & Siddhasena occur in the verses 7 & 8, 
of Chapter 7, but Utpala says that the two verses do not belong to Varāha_; other additional 
names are those of Sakti and Bhadatta or Bhadanta. Utpala says that ‘Sakti’ here means 
*Parás$ra? and Bhadanta means ‘Satya.’ 


1 D.G.O./69 25 
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knowledge of the sign positions of planets (p. 127 and 146 of pt. I). Even if the 
true positions and motions of planets cannot be correctly found by calculation, 
the naked eye can at least show where the planet is in the sky, when it becomes 
direct or retrograde, when it rose or set heliacally. So then the knowledge 
of mathematics need not necessarily have reached maturity when the present 
system of astrology came into vogue in this country. The reason why planet- 
ary motions were considered in our country and the science of astronomy 
reached perfection (of course, within the limits of our ancient works) and 
remained alive till today lies mainly in the necessity to judge the possible effects 
of the movements of planets. The works on Samhita describe the effects of 
planetary movements. ‘The desire to foresee these effects, the need of auspicious 
moments for sacrifices or other rites and the effects of planetary movements 
on each person as in natal astrology are the three reasons why the science 
of astronomy originated in this country, developed to a considerable extent 
and continued to exist. (In Europe, the main cause of its reaching a very 
high degree of development as at present was navigation. Still even there 
these yery three things were mainly instrumental in the past in bringing the 
science to the same stage of development as in India). It is, therefore, evident 
that the present system of astrology must have been established before the 
science of astronomy attained ‘its’ full status ; that is, before the correct 
knowledge of finding true positions and motions of planets could be attained. 
Hence one cannot lightly dismiss as improbable the view that the present 
system of astrology became established in our country four or five centuries 
before Saka era. 


HISTORY OF WORKS ON ASTROLOGY 


The question whether we have borrowed astrology from the Westerners 
will be considered in the concluding chapter. Hundreds of works have been 
written on astrology. It is difficult to read all of them. The author describes 
breifly the history of some of those few works of which he has got information 
either directly or through tradition and for whose dates he could find some 
clue. But all these works are merely A DROP IN THE OCEAN. 


PARASARI 


Pārāšarī is a work much talked of by astrologers. It has two versions 
Brhat & Laghu. Laghu Pārāšarī is available and in extensive use. There 
are several commentaries on it. A work entitled Brhat Pārāšarī was printed 
in Saka 1814 by Sridhar Sivalal in the Jūānasāgar Press at Bombay. It 
consists of two volumes. Part One contains 80 chapters, but only 51 of them 
could be procured with difficulty from different places, and it is stated in the 
book that even these were fragmentary and had to be completed from other 
versions before they were printed by Sridhar, the son of Jatāšaņkar. The 
first part contains 4196 verses. We have no means to ascertain which of them 
were original and which were interpolated by Sridhar or by the printers. 
At one place, a verse describing the method of finding the ayanāmša has been 
taken from the Graha Laghava without acknowledging the source. In short, 
there is no sense in saying that part one, as it stands in a printed form to-day, 
is the same as the original work of Parāšara. Part two has 20 chapters. Most 
of the verses in it numbering 812 in all are in ‘anustupa’ metre. It has been 
remarked that whatever is not available in this part should be found from the 
Horāšāstra by Garga. At some places we are asked to adopt certain pro- 
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cesses after converting a planet's place into its Sāyaņa equivalent. It shows 
that there must have been some admixture in it after Saka 500. Part one of 
Pārāšarī which is in the Government Library at Tanjore contains 1650 verses. 
The first chapter in it is entitled ** Rāši Svarüpa". Its first two verses are 
as follows :— 


agaa fee (?) AARAA: | KTI. THATS X: Hb Y gU 


The editions printed in Bombay do not contain this chapter or these verses. 
The third chapter in it is headed, Rāši Svarūpa, but that too does not contain 
these verses. The last chapter of the Tanjore version is entitled **Aristā- 
dhyāya ”, but it is the fifth chapter in the Bombay edition. It cannot be said 
with certainty if the Pārāšarī written before the time of Varāha is existent 
anywhere at present in its original form. Bhatotpala observes :— 


aragia agat aaaea ET q ATA P Spy eram Tarawa fe | 
qzd gvrēfafgt: aaga Pears t 
qasam, HEATT ww SW, % ETAT | 


* We hear that Pārāšarī has three parts. That is why Varāha has referred 
to Sakti (Parāšara) (See verse 1, Chap. 7. But we have seen Parāšara”s 
Samhitā only and not his Jātaka ”. 


Pārāšarī was not well known even at the time of Bhatotpala (Saka 888) ; 
how could it be so in the present time ? Laghu Pārāšarī which is at present 
available, is in the same condition. It is also known as Ududāyapradīpa. The 
author declares at the outset, ** I am compiling this Ududāyapradīpa on the 
basis of Pārāšarī-Horā for the satisfaction of astrologers ". It is clear from: 
this that the work was not written before Varāha. 


JAIMINISÜTRA 


A very small work named Jaimini Sütra, with four chapters, consisting of 
aphorisms in prose form is now widely known. Several commentaries on it 
are available. This work contains Greek words like riphpha, aar etc. Varaha- 
mihira and Bhatotpala do not make any mention of the Jaimimi Sütra in their 
works. One may say, therefore, that if there was actually an ārsa work entitled 
Jaimini Sūtra, it is doubtful if it has been retained in its original form. Burnell 
says that Jaiminī Sütra is in extensive use in MALABAR. 


BHRGU SAMHITA 


This is a very famous work. It appears to be an “ ārsa " work from its 
name, but Varāhamihira and Bhatotpala have not referred to it. It cannot 
be said, therefore, with any certainty that the work belongs to a date earlier 
than the two authors. It is reported that the birth horoscope of any person 
can be found in it. If it be a fact, it must be a collection of 74649600 ho ros- 
copes, representing all signs on the ascendant and all possible positions of 
planets in the twelve houses. Assuming that 10 verses have been devoted 
to the reading of each horoscope, it must contain at least 75 crores of verses. 
Some horoscopes purporting to be extracted from Bhrgu Samhità are available, 
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from which it appears that there are different horoscopes for different degrees 
of each ascending sign. If such delineations have been given, the number 
of horoscopes would far exceed the above number. The author came across 
a printed copy of a part of Bhrgu Samhità in the possession of a Marwari 
gentleman of Poona. It contained about 200 horoscopes, with nearly 70 
verses assigned to each horoscope and the total number of verses is 14000. 
The work abounds in solecisms of all sorts and the ascending signs in it are 
not arranged in any order. In the Government Library at Jammu, in Kashmir, 
there is a work named Bhrgu Samhità. The Library hasa printed Catalogue 
of books which shows that the ascending signs in the work are arranged in 
order, and the total number of verses appears to be about 160000. If 70 verses 
are allotted to each horoscope as above, the work must be containing about 
2300 horoscopes. Those who possess some parts of Bhrgu Samhita may, 
on certain occasion, be playing a hoax on the consultant by palming off on 
him a new horoscope in the name of Bhrgu Samhità. Nevertheless, there 
is no doubt that there does exist a work known as Bhrgu Samhità. The 
author has seen some horoscopes delineated from it and he is of opinion 
that such delineations are in a large measure correct. 


There is a work-in the Ānandāšrama of Poona, entitled ‘‘ Bhrgūkta Jātaka- 
Kalpalatā ” compiled on the model of Bhrgu Samhita. It contains 1800 
verses. Ithas considered about 200 combinations of planets staying in different 
houses ; in other words, so many horoscopes have been examined. 


NADI GRANTHAS 


CHIDAMBARAM ĪYER B.A., referred to on page 287 before, writes in THE 
HINDU ŽODIAC :—The works named Nāģdigranthas contain horoscopes for all 
persons past, present and future. The author has himselt seen five Nādiworks 
and has heard of five more. The Dhruva Nādi by Satyacārya is the best of 
all. Seventy parts of it are in the possession of different persons in South 
India. It contains true nirayana positions of planets at the time of the birth 
of each man. The difference between them and the accurate sāyana positions 
in the beginning of 1883 A.D. as found from the Nautical Almanac is found 
to vary from 20° 23' 8” to 20° 25’ 22". From this 20° 24’ 15" has been deter- 
mined as the ayanāmša for that year. This statement contains two important 
facts. The first is that there are very voluminous works like the Bhrgu Samhita 
extant in the MADRAS Presidency ; and the second is that the planetary posi- 
tions in them are correct within 21 minutes of arc, as compared with those 
of the Nautical Almanac. (The difference due to Ayanāmša is not an error). 
Chidambaram appears to be a learned and reliable gentleman from his writings. 
Hence, it is really very surprising that the planetary positions given in the Nāģi 
works are so very accurate. 


YAVANACARYA 


Varāhamihira has referred to Yavanācārya. Bhatotpala writes in his 
commentary on verse 9, Chap. 7, of Brhajjātaka, "SPHUJIDHVAJA", the Yavana 
king compiled another scientific work after the beginning of the Saka era”, 
Varāhamihira has cited the views of Yavanācāryas before him. The author,has 
not seen Yavanācārya's work, but he has seen one by Sphujidhvaja. He has, 
in his work, remarked ** The Yavanas i.e. the Greeks say ”. This shows that 
one or more Greek astrologers, whose works were not available at the time of 
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Bhatotpala, lived before the time of Varaha. It seems to be Utpala's view 
that they lived before the Saka era. There may have been only one Greek 
work, but it may be that it was followed by a number of Yavanas, (Greeks) 
and hence, the word ‘Yavana’ continued to be used in the plural. Bhatot- 
pala has called Sphujidhvaja himself Yavane$vara, and has taken quotations 
only from his works as if they belonged to Yavanas. (This work too is written 
in Sanskrit). There is a work, named Minaraja Jataka, at present available. 
It is also known as Vrddha Yavana Jātaka or Yavana Jataka. It is remarked 
in the beginning of the work, ** The science of astrology which was explained 
by a former sage to Maya had one lakh verses in it, but was abridged by Mina- 
raja into 8000 verses ". Bhatotpala has quoted 12 verses describing the nature 
of signs as extracts from Yavane$vara (see commentary on verse 5, chap. 1, 
Brhajjātaka) and these are found in the Minaraja Jataka. But many other 
verses cited by Utpala as extracts from Yavane$vara are not found in the 
Minarāja Jataka. From this it appears that the works by Sphuijdhavja 
and the Minaràja Jataka are different from each other and the Yavana, who 
lived before Varaha, appears to be quite a third party. The later works were 
compiled by abridging or enlarging the ancient works, and the three writers 
possibly held the same view. 


The works Brhajjataka and Laghujataka by VARAHAMIHIRA and PRTHU- 
YASA'S work, Safpaücásika, are now-a-days in use. All these three works 
have commentaries of Utpala. Ananta, brother of Ganeša Daivajíia, author 
of the Grahalāghava, wrote a commentary on Laghujataka in Saka 1456. 
There was a commentary on Brhajjataka by Balabhadra, in addition to those 
by Mahīdās and Mahidhar. The two latter and Mahīdās and Mahidhar, the 
commentators on Lilavati, might have been thesame persons. There is another 
commentary named Subodhini on Brhajjātaka in the Govt. Library at Tanjore. 
The Aufrecht Catalogue mentions 5 or 6 more names of commentaries. The 
Minarāja-Jātaka contains quotation from LALLA. NRHARI, the author of 
Jātakasāra, has also mentioned Lalla's name among the authors of astrological 
works. This shows that Lalla may have written a work also on astrology. 
Bhatotpala has borrowed a number of quotations from Sarávali, and one 
of these quotations has mentioned Varaha's* name. From this Sārāvali 
appears to be a work, compiled after Varāha but before Saka 888. A work 
named Sārāvali has come to my notice. (The quotations given by Utpala 
could not be found in it.) Its author is one Kalyana Varmā. He has also 
called himself as Vate$vara. He has compiled the work after selecting different 
portions from the works by Varāhamihira, Yavana Narendra and others. 
An astrologer named Vatešvara lived about Saka 821. (See page 190). 
it would appear, thercfore, that the Sārāvali quoted by Utpala and the one 
compiled by Kalyāņa Varmā are the same work, and its date is about Saka 
821**. The commentary by Utpala mentions the names of Devakirti (1.19) 
and Srutakirti (1,7,8,9) in addition to the above. There is a work, Jātaka 
Paddhati, on astrology by Sripati. I think that this Sripati and Sripati, the writer 
of Ratnamālā, are one and the same person, considering the commentaries 
of Madhava on these two books. Mādhava's commentary on Ratnamālā 
mentions V*ddha Jātaka, a work on astrology, which shows that the work 
belongs to some date prior to Saka 1185. Kešava of Nandigram (about Saka 


-—— ————- 


*See commentary on Chap. 7, Verse 13. 


**Sudhākara says that it mentions the names Mandil, Devakirti, and Kanakācharya, 
According to Sudh&kara the date of its compilation is the same as that of Brahma Gupta, 
but the view has not been supported by any proofs. 
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1418) has, in his commentary on Jātaka Paddhati, cited the following works 
and authors :—Sridhara Paddhati, Mhalugi Paddhati, Dāmodhara, Rama- 
krsna Paddhati, Kešava Misra, Vallayu Paddhati, Hora Mārkaņda, and, 
Laghu Paddhati. The first four of these names occur even in the Visvanathi 
commentary. All of them must have lived before Saka 1418.  Bhāskarā- 
cārya has mentioned one Sridhara as the author of a work on Bijaganita 
(Algebra). Madhava, the commentator of Ratnamālā, has referred to one 
Sridhara, with reference to a Muhürta work. All the three Sridharas and the 
Sridhara, author of Gaņitasāra mentioned before on page ( 95 ), may have 
been the same person. Damodhara himself may be the compiler of Bhata- 
tulia Karana (Saka 1339). There is a small book on astrology, named, 
Bhāva Nirnaya, written by Vidyaranya. A small work consisting of 40 verses, 
entitled Jatakapaddhati, compiled by Kešava of Nandigram is very widely 
known. The work itself is called KeSavi. Kešava has himself written a 
commentary on it. Vi$vanatha has written an Udàharana' commentary 
(Page 156 ). Nārāyaņa (Page 158 ) and Divākara (Page 162 ) have 
also written commentaries on the work, and the Aufrecht Catalogue mentions 
7 more. It is at present printed with its Marathi translation and Udāharaņa” 
in Marathi. There is an astrological work entitled Jatakabharana by Dhundi- 
raj. It belongs to about Saka 1460 ( see Page 146 ). It states astrological 
effects in a definite order and hence it is very useful in casting horoscopes, 
There is one Jātaka Paddhati of Saka 1480 (circa) by Ananta. The work 
Jātakottama is referred to in the commentary on Muhūrta Martanda which 
indicates that the work belongs to a period before Saka 1493. A work named 
Jataka Muktavali by Sivadāsa has been mentioned in Višvanāth's Commen- 
tary on the Jataka paddhati of Kešava. There is a voluminous work, entitled 
Horāskandha-Nirūpaņa, which was compiled by Visvanath Pandit, son of 
Rama, under the direction of King Virasimha. It is also entitled * Virasimho- 
daya Jātaka Khanda’’. The date of this work could not be found ; but, 
as it combines quotations from the Jātakābharana, it must have been compiled 
after Saka 1460, probably about Saka 1500. It is very useful to those who 
prepare horoscopes, since it describes results of planetary positions in an orderly 
manner after quoting lines from several ancient works. It was not seen in 
a printed form anywhere, but it is really worth printing. It contains quotations 
from several ancient works. Among them are found names of authors like 
Saunaka and Guņākara and those of works like Samudrajataka, Horāpradīpa, 
Janma Pradipa. There is a voluminous work named Jataka Sāra by Nrhari. 
The author remarks in it in the beginning, ** Vasistha, Garza, Atri, Parāšara, 
Varāha, Lalla and others have compiled Scientific works on Hora. But the 
resulis in them have not been given in an orderly manner. In order, there- 
fore, to enable one to write the effects (of planets) in the horoscope in a syste- 
matic way, I am writing this work with the help of Sārāvalī, Horāpradipa, 
Janma Pradipa and similar other works." There is a work, Jātakālaūkāra, 
by Gaņeša which is in extensive use. Kānhajī, the grand father of Gaņeša 
and a Brāhmaņa of Bharadvāja gotra, was highly esteemed at the court of a 
king of Gujerat. He had three sons, Sūryadās, Gopāla and Rāmakrsņa. 
Gopal’s son Gaņeša compiled the Jatakalankar at Bradhnāpur in Saka 1535. 
It has six chapters. Gaņeša's guru was named Šivadāsa. The author hap- 
ned to learn from a book that Bradhnapur is the same as Burhanpur. But 
it cannot be said for certain that Jātakālankāra, was written at Burhanpur. 
This work, has a commentary by Harabhānu, son of Krsna and surnamed 
Šukla. The commentaror says that Bradhnapur is the same as Sūryapur. 
Divakar, referred to on page 162, has to his credit a work entitled ‘Padmajataka’, 
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consisting of 104 verses, which was compiled in Saka 1547. A work named 
Paddhatibhiisana was compiled in Saka 1559 by Soma Daivajfia, son of 
Rudrabhata who was a Rgvedī Brāhamaņa of Jaladagram. This Jaladagram 
may be the same as Jalgaon, in Khandesh. The work Paddhati-bhūsaņa 
has a commentary by Dinkar, in which Saka 1729 has been adopted for the 
example. It is not known if this Dinkar is the same as the one described 
on page 175. Balabhadra, son of Damodar, wrote a work named Horā 
Ratna. It may have been wirtten about Saka 1577. Horā  Kaustubha is a 
a work compiled by Govinda, son of Narahari, about Saka 1660. The two 
works, Hora Sāra Sudha Nidhi and Nara Jātaka Vyākhyā, by Narayana belong 
to Saka 1660 (circa). Sudhàkara writes that there is a good work on Astrology, 
entitled Prasna Māņikyamālā, by Paramànanda Pathak. It consists of four 
parts. Paramànanda, who was a Sārasvata Brāhmaņa, was the chief astro- 
nomer at the court of Balvant Singh, king of Varanasi, about Saka 1670. 
There is a work Paddhati Candrikā by Rāghava (see page 175). According 
to Sudhākara, there was a capable Jyotisi named Govindācharī at Varanasi. 
He was skilled in *meéraza' (killing by magic) ‘Mohana’ (hypnotism) and such 
other occult practices ; he later on settled near goddess Vindhyavāsinī and 
compiled two or three works including Sádhanasubodha, Yogini-dasá etc. 
after Saka 1775. He died in Saka 1782. Anantāchārya Mhalagi a resident 
of Sholapur, and an astrologer, has written works entitled Anantaphala-darpaņa 
and Apābhatī Játaka. The first was written in Saka 1798 ; it deals with 
both Jātaka and Tājaka. One Apa Josi Bhāņdārkavathekar was the preceptor 
of Anantāchārya. (He died about Šaka 1788). All his predictions used 
to prove very accurate. He had formulated some new rules after making 
some modifications in those ancient works. Anantāchārya said in Saka 
1806 that these revised rules are to be found in his own works. 


KERALA SYSTEM 


There is a system of astrology known as the Kerala system. It appears 
to propound certain rules which differ from the rules usually found in other 
works. There are several works or. the Kerala system. 


HORÀ ASTROLOGY 


Whether an event will happen at all, and if so, when and how—such and 
other questions are put to astrologers. There are several systems of dealing 
with questions (pra$na). One of the systems is to answer a question from 
the ascending sign in the horoscope which is cast for the moment when the 
question is put and hence the ‘prasna’ forms a part of the ‘Hora-Branch’ or 
astrology. But some of the methods of examining a question have nothing 
to do with the science of astrology. But there is a popular belief that one 
who is known as a Jyotisi must be able to give out predictions about each 
and every matter ; and hence any question can become a subject for astrologers' 
scrutiny and each book on 'Prašna” is included in astrological Literature. 
There are several works on *Pra$na' or Hora astrology. Prasna Naradi is a 
small manual attributed toa sage, which contains only 32 verses. It is said to 
be a part of the Nārada Samhitā. But the Narada Samhitā, as it is at present, 
resembles the Brhat Samhita and does not contain this Chapter. Among 
the ‘human’ (Paurusa) works extant at present, the work Pra$na Jfüyàna er 


Prašna Samāpti” by Bhatotpala consisting of 70 couplets, appears to be the 
most ancient (Saka 888). 
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RAMAL 


There is a system of Prašna Vidyā (guestion horā) in which all the faces 
of dice are marked with dots and problems are answered according to the 
casting of the dice. This system is known as ‘Pasak Vidyā or Ramal'. Ramal 
is an Arabic word. In the sanskrit works on the subject of ‘Ramal’ which 
are extant at present, one comes across technical terms which are mostly 
Arabic ; and hence one is likely to think at first-sight that this system originally 
belonged to Muslims but that is not so. A manuscript written on birch tree 
leaves in a script current in the times of ancient Gupta kings has been found 
by a European gentleman named BAUER. They consist of treatises devoted to 
three different subjects. It has been proved that the book was written some 
time between 350 to 500 A.D. In that work* is found a system somewhat 
similar to the present Ramal system ; but most of the terms used in it are 
sanskrit and some Prakrit. There is a copy of the Garga-Samhita in the 
Royal Library at Tanjore ; which contains a chapter captioned ‘‘PaSakGyali”’ 
consisting of 235 verses. A verse from it has come to author's notice ; it con- 
tains** the technical term 'Dundubhi' which occurs also in the work referred to 
above: This proves that the Ràmal Vidyā originally belonged to this country. 
The language of the ‘Pagakavali’ included in Bauer's manuscript, suggests 
that it may have belonged to the 3rd or 4th century*** before Saka era and 
it appears from this, that the ‘Pasak- Vidya’ was known in this country in those 
days. As time elapsed, the original sanskrit works disappeared and fresh 
works were written in sanskrit on the basis of Arabic works. 1t cannot be 
said for certain from what date they began to be so compiled. Bhatotpala and 
Sripati have each a work on Ramal to their credit according to Aufrecht 
Catalogue. The work Ramalāmrta written in Saka 1667, refers to Ramal- 
works by Sripati and Bhoja. One wonders whether Jyotisis from Sind who 
had gone to Arabia in the 7th Century of the Saka era, might have brought 
back Ramal works with them. The author does not know if the systems 
embodied in the two, Pāšakāvali works mentioned above and in Ramal are 
identical. Such a comparison alone can decide if the art of Ramal was inde- 
pendently developed by the Muslims or whether transmitted from India in 
ancient times. 


There are several works on Ramal. An astrologer, Cintāmaņi by name, 
wrote a book named Ramal Cintamani. It contains about 700 verses. The 
copy of the work in the Ānandāšrama was written in Saka 1653. It may 
have been, therefore, compiled before Saka 1600. Jayarāma, an Audichya 
Brahmana and a resident, of Prakāše in Khandesh compiled Ramalamrta 
at Surat in Samvat 1802 (Saka 1667) which contains about 800 verses. 


DREAMS 


Prophecy based on dreams and the falling down of lizards may be said 
to form part of either Samhita or Hora ; works written independently on them 
are some times found. 


*Articles containing an account of the discovery of the manuscript in some part of the 
text and an estimate of its date of compilation have appeared in the Journal of the Bengal 
Asiatic Society, for Nov. 1890 and April 1891, as wellas in the issue of the Indian Antiguary 
of 1892 A.D. At present, the work is being printed by Dr. Rudolf Hornul. 

**Byrnell's Catalogue, 

***Bauer's manuscripts contain a work on ‘Mantra Šāstra” which clearly appears to 
have been written by a Buddhist. The Sanskrit of Patakaval! is not quite pure. T he follo- 
wers of Buddhism were more inclined to compile works in Prakrit than in Sanskrit. It 
would appear from this that Pāšakāvalī may have belonged to the times of Candragupta. 
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TĀJIK 


Tājik isthe name of that system by which predictions are made about 
the happiness or woe to be experienced by any man during any year of life, 
by interpreting the ascendant and planetary positions in the horoscope cast 
for the beginning of that year when the Sun's longitude is exactly the same as 
at birth, which, in other words becomes a horoscope for the moment when 
a person completes one year of life by the solar reckoning and begins the 
next. There is a work on :taji named Hāyaņaratna” by Balabhadra,* 
son of Dāmodara. The following remark is found in it :— 


gadam qredTaurWgr mr afaa fatear aana- 
ame afea qadquqd: mu Brrfafwu:sTeWuU: ada sped degad- 
qag difsragsamsu || at ga GgTUd EXEBATeWUI gam: Sar STATT: U 


This also mainly gives the same definition as the one given above. It 
would also show that the Tājik branch was borrowed from the Yavanas. 
"There is a work, named Tājik Bhūsaņa Paddhati by Gaņeša, son of Dhundiraj, 
a resident of Pārthapur, compiled about Saka 1480. The writer remarks 
jn it: — 


miiia CAF: aaa: iad area arfas N 


(Meaning. The Science known as Tajik which has been propounded by 
Garga, Satya and other Greek writers like Romaka mukha........ ) 


This also shows that it was borrowed from the Yavanas. There is a 
Tājik-work, named Daivajūalaūkrti by Teja Simha. It appears**to have 
been written about 1300 A.D. as can be seen from theestimate ofits date made 
by Prof. Bhandarkar. There is a work namea Tājik Tantrasāra by SAMAR 
SIMHA. There is a copy of it*** in the Deccan College collection written in 
Samvat 1491 (i.e. Saka 1356). From this it appears to have been completed 
many years before the date. The Samar Simha referred to by the author of 
*Hāyana Ratna' may have been the same person. Anyway the Tājik-branch 


*Balabhadra was a Brāhamaņa of Bharadvāja Gotra and a resident of Kanauj on the 
bank of the Ganges. His guru was one named Rāma. He states that he wrote the work 
when he was living at Rājmahal with Shahsuja, the ‘lord of the Earth’. His grand father, 
Lāl, wasa Jyotis:. His sons Devidàs, Kshemankar (Kshemakarna), Narayana, and Chatur- 
bhuj Mishra wereallscaolars. Devīdās has writtena work on2 rithmstic and a commentary 
on the Sripatipaddhati. D&modara kas written a commentary on Karana Kutühala by 
Bhāskara. Balabhadra had a younger brother, Hari by name. All this account is given 
in Hāyaņa-Ratna. The date of the work is given in the following lines :— 


HH ragā: TA: BE (?) at rfe: emitir: 
fae ardfaftemad (? qud) Aga (Rat) wi wd AMT ga: 1 
same quu disan A RAET 1 


There are some doubtful places in this. The author has no tim» at present to find the 
date by trying different years and months. Sudhškar has found Saka 1564 as the date from 
the verse but it is wrong. This date of the work is stated to be 1656 A.D. in the Aufrecht 
Catalogue. 

** Report on the Search for Sanskrit manuscripts for the year 1882-83. 

***The year 1491 noted against No. 322 of 1882-83, in the Deccan College collection 
seems to be a year of the Vikrama Samvat since calculation shows that the date of com- 
pilation, ** Thursday, the 10th Lunarday of the darkhalf of M īrgaširša " ageses with Thursday : 
the 10th Lunar day of the Amānta Mārgaširsa of Saka 1356”. 
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of astrology must have been introduced into our astrology after Šaka 1200, 
that is, after Muslim rule was established in our country. In many books 
the word *tājik is found in its sanskritized form ‘Tartiyak’ ; but it seems to 
have been formed from the word ‘Tajik’ itself. The word ‘tajik’ is also written 
as tājak 


When we say that we have borrowed the *tājik” branch from the Yavanas, 
it simply means that we adopted from the Yavanas the idea of giving the 
annual reading from the ascendant of the annual horoscope which is cast 
for the moment of one's entry into a fresh year of life, and some technical 
terms about it. The rules of casting the horoscope and the rules for predic- 
ting results therefrom are almost the same in the Tajik as in the Jataka and 
they originally belonged to us. 


There are several other works on Tājik in addition to those mentioned 
above. There is a work, named Tājik-paddhati by Kesava of Nandigram, 
with commentaries by Mallari and Vi$vanath. There is also a work, Tājak- 
sara, written by Haribhatta about Saka 1445. There is also another work 
named Tājakālaūkāra by Sürya, the son of Jītānarāja (see page 144). Tajik 
Nilakanthi is a work written (by Nilakantha) in Saka 1509. Govinda, the son 
of Nīlakantha, wrote a commentary on it named Rasālā in Saka 1544 : which 
has been printed. Similarly, Madhava, the grandson of Nilakantha wrote 
a commentary on it in Saka 1555. (See pages 147-149). Vi$vanatha 
also has written a commentary on it. This work is at present in extensive 
usc. Balakrsha of Yajüavalkya Gotra, a resident of Prakashe on the northern 
bank of the Tāpti, wrote a work entitled Tājik Kaustubha in Saka 1571. The 
names of the ancestors of Bālakrsna, from his father upwaros were Yādava, 
Rāmakrsna, Narayana and Rama. There is a voluminous work entitled 
Tājak Sudha Nidhi by Nārāyana, written about Šaka 1660 (see page 168) 


EPILOGUE 


We have so far discussed Indian astronomy in elaborate detail. The 
condition of astronomy in the Vedic and Vedàüga periods preceding the Sid- 
dhāntic period was described in Part I and that in the Siddhāntic period in 
Part II. Each of the three main branches of Jyotisa viz. Ganita*, Samhita 
and Jātaka has been separately treated in Part II. Now the author offers his 
concluding remarks on this Survey. 


* The author will add here some more information about other mathematical works 
which were received later (From the Notes on the Hindu Astronomy by J. Burgess, 1893 :—). 


(1) Europeans first obtained some knowledge worth the name about Indian Astronom 
from a copy of an astronomical work procured from Siam. This work has adopted 365d- 
15i-31p-36v as the length of the year (which is the sameas that in the original Surya siddhanta 
and Kkatdakhādyaka). Cassini, a French astronomer, says that the epochal positions have 
been given for Saturday, the new moon day, 21st March, 638 A. D. (According to the origi- 
nal Sūrya Siddkānta, the mean Ajsies ingress occurred on the 2nd lunar day of the bright 
half of Vaišākha, Saka 560, i.e. Sunday the 22nd March 638, at 12gh. 58p. after (mean) sun- 
rise, and the preceding mean new moon of Caitra occurred on Friday at 49gh-35p i.e. on 
Saturday, 21st March according to European recknoning) The original epochal positions 
may have been true for Narasingpur near Pithāpur in Godavari district or for Varanasi. The 
sun’s apogee given in this work is 80°- The maximum value of the equationof centr of 
the Sun is 2°-14’ and that for the Moon is 4°-56’. This shows that the work may have 
followed either the original Sūrya Siddhénta or some Karana work now lost, by Aryabhata 
I who followed the Sūryu Siddhānta. 


(2) Ullamudayams Karana, Saka 1165. I 
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WHAT FOREIGN ELEMENT HAS ENTERED INDIAN ASTRONOMY 


Most of the European scholars are of opinion that the Indian peop!e bor- 
rowed astronomy, particularly mathematical astronomy and astrology fiom 
the Chaldeans (Babylonians), the Egyptians or from the Greeks of Alexer dria. 
This view has already been considered incidentally in the toregoing puges. 
The question will now be thrashed out in greater detail here and then cther 
matters will be taken up for consideration in this conclusion. 


NAKSATRA SYSTEM NOT BABYLONIAN 


The question, to whom the naksatra system originally belonged or who 
first originated the Rāši system is immaterial. The author has already stressed 
the fact that what is really of supreme importance is the mathematics 
relating to the mean motions and true motions of planets. He has, however, 
come across an important article concerning naksatras which is summarized 
below :— 


This important article on the question whether the naksatra system origi- 
nated with the Babylonians was written by Dr. Thibaut in 1894 in the Bengal 
Asiatic Society’s Journal. Vol. 63 for the year 1894. A number of Babylonian 
tablets have been recently excavated. Father Epping took great pains to 
decipher the writings on the clay tablets with the help of Father Strassmaier 
and published some facts of astronomical interest in his book, Astronomisches 
ard Babylon in 1889 A. D. The tablets which have been found, contain many 


(3) The Vākyakarana, Krishnapur Saka 1413. The new moon preceding the epoch of 
the work, i.e., the 30th lunar day of the previous year’s Phalguna fellon 10th March. Warren. 
attributes the work to Vararuci. 


(4) The Pafcdiza Siromani, Narsāpur, 1569 (or 1659). The length of the year adopted 
by these two works is 365d-15g-31p-15v, that is the samz as that of the first Arya Siddhānta ` 
They, however, give 2*-10'-34" as the equation of centre for the Sun and 5*-2'-26' as that 
for the Moon. 

(5) The Graha Tararigini, Saka (n) 1618. 

(6) The Siddhanta Mafijari 1619. From Warren's KGlasarkalita:—— 


(7) Mallikarjuna’s Karana-work, Saka 1100. The abdaps etc. adopted by it are true: 
for the longitude of Rāmešwara. Mallikārjuna was a Telang. From this it seems that this 
work may have followed the S. S.. 


(8) Bālāditya Kallü's Karana work, Saka 1378, true for the longitude of Rāmeššara. 

(From the list of books presented by Bentley to Cambridge University). 

(9) The Brahma-Siddhànta, 26 Chapters, 11 of which are devoted to astronomy and the 
remaining to Muhūrta etc. It begins with the verse :— 

** Om shryarkah paramo bramhā shryarkah paramah Shivah.” 

(10) The Vistu Siddhānta containing 11 chapters. The opening verse is the same as the 
one in the Brahma Siddhānta above. 


(11) The Siddhānta Laghukhamāņik, 15th Century A. D. compiled by Kešava, follows 
S. and contains 9 chapters. 


(12) The Sūrya Siddhānta Rahasya, compiled by Rāghava, Saka 1513. 
(13) Mathuranatha’s Sūrya siddhānta mafijarl, Saka 1531. Mathurānātha was an astro- 
nomer at the court of a king named Satrujit. 


(14) The Jyotissiddhānta Sāra, Šaka 1704 ; this is compiled by Mathurānātha (referred 
to on page 174 before); contains 8 chapters. Sadānanda, father of Mathurānātha, was 
originally a resident of Pātnā, but lateron shiftedto Vārānasi. This work appears to have 
been written with the help of some European work. 


M (1 The Graha Mafijari. The date of its compilation has been given, but it is not quite 
intelligible. 
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records of observations. For example, “On the 20th night of the month of 
Airu (April or May) in the 189th year (124 or 123 B. C.) of the Seleucidan 
Era, Venus was visible or expected to be visible in the eastern part of the sky. 
The star in the region of the head of the constellation Aries appeared at a 
distance of 4 yards above it.* Inthe same year Mars appeared in the eastern 
sky on the 26th night of the month of Abu (July or August). At a distance 
of 8 inches above it was seen the Western star in the mouth of the constellation 
Gemini, in the same year, Mercury set while in the sign of Taurus, on the 
Ath day of the month of Airu. In the year 201 of the seleucidan Era, Mars 
rose in the sign Libra on the 8th night of the month of Tischritu". Consi- 
dering all these things, Thibaut came to the conclusion that the Babylonians 
used to indicate planet's positions with respect to the signs and that the 27 or 
28 divisions of the ecliptic called naksatras were never current among them. 
Thus there is no room left for the contention that the Hindus borrowed the 
naksatra system from the Babylonians. In other words the contention must 
be dismissed as worthless.** 


. 


VIEWS OF EUROPEANS 


Let us now examine the views of Europeans regarding planetary motions 
and astrology. Some of our people regard the views of European scholars 
as gospel truth, no matter what the calibre of the scholar concerned is. 


It is really surprising that even some of our seasoned scholars feel that way. 
But it is not proper to arrive at any conclusion unless we consider the focus 
standi of the scholar delivering the judgment on some question or unless we 
are ourselves fully entitled to form our own judgment. Other people na- 
turally rely upon the views of eminent scholars, and hence, such scholars should 
„declare their views only after due consideration. Now, as for making a pro- 
nouncement on the mathematical branch of astronomy in India and Europe, 
one is entitled to compare the works compiled in the two nations and to de- 


— 


-— — mem 


* It could not be decided whether the information contained in these writings was the 
record of positions actually seen or of those which were expected to occur in future. The 
capacity to predict requires knowledge of mathematical astronomy. It has not been defi- 
nitely known if the Babylonians possessed such knowledge in those times. 


** While commenting on this point, Thibaut remarks that history does not support 
the view that the Chinese naksatras were originally 24 in number, and that later on about the 
year 1100, they became 2%. Although Thibaut observes that all the three system viz. the 
Hindu, the Chinese, and the Arabic have much in common, he has not given «ny reasons 
for this similarity. But in his private letter dated 5th September 1896, he writes to the 
author; “Ihave notas yet found a satisfactory explanation for the similarity of the Chinese, 
Arabic, and Hindu nak*atras". Jfany two persons, who have absolutely no relation to each 
Other, begin to select stars lying on the moon's path, they will naturally select prominent 
stars of the first magnitude, like Rohini, Punarvasu, Maghā, Citra and Jyesthd. The same 
would be the case with Ašvinī and other stars of the second magnitude. Similarly, clusters 
of faint stars like those of Krttikās will be found in the selecton of both. This principle is 
acceptable to Thibaut and should be equally acceptable to others. Still in view of the fact 
that'the stars MrgaSirsa, Mula, Pūrvā and Uttara Bhidrapada, and Bharaņī are common to 
all the three systoras, that Pūrvā and Uttara Phalguni are selected by the Hindus and the 
Arabs, while the Āšlesā naksatra is common to the Hindus and the Chinese. Thibaut is in- 
clined to believe that the three systems must have originated from a common source. But 
if the moon and thestarsareobserved forabout 16 years, or even for one year, thestars chosen 
by two or three psrsons will naturally be feund to agree not only this, but also one cannot but 
be convinced that all the naksatras ha ve been suggested to the Indian mind in the natural 
course. The author is convinced in that respect by observing the moon’s conjunction with 

„stars for more than ten years. It is not that the Chinese naksatra system tallies with that of 
the Hindus completely. There is some difference between the two; and it is quite probable 
ahat the Chinese might have established their system independently. 
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clare who borrowed from whom, if only one has a fair knowledge of the prac- 
tical and theoretical astronomy of both India and Europe, or of one of these 
two pairs or at least of some part of practical or theoretical astronomy of 
both. Similarly, for making a pronouncement on astrology, one must have. 
at least an elementary knowledge of astrology in addition to the competence 
mentioned above. In the same way, one must have sufficient means at one’s 
command for one's competence in this respect varies with such means. Such. 
means as would enable one to pass a correct judgment on Indian astronomy 


are multiplying every day. The means that we possess at present were not. 
available 10 years ago. 


Colebrooke, E. Burgess, Whitney, and Dr. Thibaut have expressed their 
views on the mathematical branch. The author has no first hand know- 
ledge of Greek astronomy, but some facts could be gleaned from the 
writings of these four scholars. He is, therefore, reproducing here, verba-- 
tim, necessary passages from their writings. Even European scholars have 
no knowledge of Greek astronomy before the times of Ptolemy, because, as. 
Thibaut's remarks would show later, it is not available at all. Colebrooke 
gave his verdict during the period from 1807 to 1817 A. D. The verdicts of 
the next two were given about 1860 A. D. while that of Thibaut was given in. 
1889. Much of the information about Indian astronomy that is given in 
this book was not available to Colebrooke. A considerable part of it was also 
not available even in the times of Burgess and Whitney. Most of it is now 
available to Thibaut, though part of it is still wanting. Apart from the ques- 
tion of the material at their disposal, all of them are competent to judge this 
question and their judgment, favourable or adverse, must naturally carry 
weight. Burgess and Whitney had the same material in hand ( see page 43 } 
and yet they have expressed divergent views. Bentley has not devoted much. 
thought to the question regarding the origin of astronomy. Dr. Kern in his. 
Preface to the Brhat Samhita (1865 A. D.) and James Burgess in an’ article 
published in 1893, have made only some passing remarks on the question. 
Both of them have expressed the view that the Hindus have borrowed both 
astronomy and astrology from the Greeks. But as they have not written 
articles specially on this subject, their discussion is not elaborate and is lacking. 
in necessary evidence, and, therefore, the author is not reproducing it here,. 
though he will incidentally deal with their views later. Apart from these 
authors, he has neither seen nor heard of any English article on this subject 
written by a competent European scholar. No one from amongst our own 
people too appears to have written on this subject. The views set forth below: 
may also impart some new information regarding Indian astronomy. Cole- 
brooke's* essay contains his views both on mathematical astronomy and astro- 
logy, as also his views on the astronomy of the Arabs. It was once believed. 
by some that the Hindus borrowed astronomy from the Arabs but owing to 
the additional information that has since become available, there is not even 
a shadow of doubt today that it was the Arabs who first borrowed astronomy 
from the Hindus. It has already been mentioned before that the Tajik system 
was transmitted to our country by the Muslims. 


* Henry Thomas Colebrooke was born in 1765 A. D. He came to India in 1782. He | 
Chief Jud the Civi tta in 180]. . telakh i i 
became LOL e i oun came to dhe iH PG1Mčd* TEES non Pub 
lished in the Asiatic Researches, Vol. 9, 1807, in Vol. 12, 1816, and with the translation of; 
Pütigarita and Bija Ganita in 1817. All of them were collected and published in 1872 A.D 


under the title Miscellaneous Essays by Colebrooke, Vol. II". The above extracts has been 
taken from this book. The pages mentioned refer to the book published in 1872. 
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COLEBROOKE 


Colebrooke writes (1807 A D.) (p. 322) “I apprehend that it must have been 
the Arabs who adopted (with slight variations) a division* of the zodiac fami- 
liar to the Hindus.” (p. 344) *The Hindus have likewise adopted the division 
of the ecliptic and zodiac into twelve signs, agreeing in figure and designation 
with those of the Greeks and differing merely in the fact that their initial point 
is carried on a few degrees further west than that of the Greeks. That the 
Hindus took the hint of this mode of dividing the ecliptic from the Greeks, is 
not perhaps altogether improbable ; but, if such be the origin of it they have 
not implicitly received the arrangement suggested to them, but have reconciled 
and adapted it to their own ancient distribution of the ecliptic into twenty- 
seven parts.” “In like manner, they may have either received from the Greeks 
or given them the hint of an armillary sphere as an instrument for astrono- 
mical observation; but certainly they have not copied the instrument which 
was described by Ptolemy, for the construction differs considerably.” ““The 
Almagest** was first translated into Arabic in 827 A. D. by Alhazen Ben Yusef. 
Other versions are also mentioned but none of them are anterior to the ninth 
century." (p. 364) “The Hindus, like the Egyptians and Babylonians, divide 
each sign into three parts (which are called Dreskāņas).” (p. 527)- “The Dres- 
kana system is not implicitly the same among the Hindu astrologers, which 
it was among the Chaldeans, with whom that of the Egyptians and Persians 
coincided. Variations have been noticed,” (p. 371). “This astrological 
notion was confessedly received from foreign nations.”” ““The doctrine seems 
to be ascribed by Firmicus to Nekepso, king of Egypt : and Psellus cites a 
Babylonian author whom he calls Teucer and who is also noticed by Porphyrius. 
The word 'Dreskàna' is supposed to not be originally Sanskrit. For the same 
reason, it is likely, that the astrological doctrine itself may be exotic in India. 
The casting of nativities, though its practiceis of more ancient date in India, 
may also have been received from Western astrologers : Egyptians, Chaldeans 
or even Greeks***, If so, it is likely that the Hindus may have received astrono- 
mical hints at the same time. By their own acknowledgment, they have culti- 
vated astronomy for the sake of astrology ; and they may have done so with the 
aid of hints received from the same quarter from which their astrology is 
derived. The name of Yavanácárya would not be alone decisive. It will be 
requisite to collect all the passages in which Yavandcérya is cited by sanskrit 
authors and to compare the doctrines ascribed to him with those of the Grecian 
writers on astronomy". (1816 A. D.) (p. 399). “ The planet revolves with 
an equal but contrary motion in an epicycle, of which the centre is carried with 
like but direct motion on a concentric orbit. To account for the still greater 
apparent irregularities of the five minor planets, the Hindu astronomers make 
them revolve with direct motion on an epicycle borne on an eccentric de- 
ferent. (In the case of the two inferior planets, the revolution in the eccentric 
is performed in the same time with the sun : consequently the planet's motion 
in its epicycle is in fact its proper revolution in its orbit. In the instance of 


* These are the exact words of Colebrooke and it is clear from the context that they refer 
to the twenty-seven naksatra divisions of the zodiac. In the Marathi translation of this 
sentence, however, the phrase ‘twelvefold division’ (dvēdašadhā vibhGgaci paddhati) seems to 
have crept in through oversight. The same passage has been referred to elwsewhere when 
it is Correcty interpreted in its bearing on the naksatra divisions. 

(R. V. V.) 


** The Almagest is the same work as Mijasti mentione 1 before. 
*** Colebrooke reiterated the view in 1817, that the Hindus borrowed their astrology 
from the Greeks. 


EPILOGUE 383 


the superior planets, on the contrary, the epicycle corresponds in time to a 
revolution ot the sun, and the eccentric deferent answers to the true revolution 
of the planet in its orbit). So far the Indian system agrees with the Ptolemaic. 
At the first glance it will remind the reader of the hypothesis of an eccentric 
orbit devised by Hipparchus : and of that of an epicycle on a deferent, said 
to have been invented by Apollonius, but applied by Hipparchus. At the 
same time the omission of an equant (having double the eccentricity of the 
deferent) imagined by Ptolemy for the five minor planets, as well as the epicycle 
with a deferent of the centre of the eccentric, contrived by him to account for 
the evection of the moon; and the circle of anomaly of eccentricity, adapted 
to the inequality of Mercury's motions, cannot fail to attract notice. The 
Hindus give an oval form to the eccentric or equivalent epicycle, as well as 
to the planet's proper epicycle. Aryabhata (the First) and the Sūrya Sid- 
dhānta make both epicycles of all the planets oval, placing however the short 
axis of the proper epicycles of Jupiter and Saturn in the line of mean con- 
junction, termed by Hindu astronomers their ‘quick apogee’ (Sighrocca). 
Brahamagupta and Bhaskara, on the contrary, acknowledge only the epicycles 
of Mars and Venus to be oval and insist that the rest are circular.” (p. 411) “If 
these circumstances (that is to say, the frequent recurrence of such names as 
Yavanācārya and Romaka Siddhānta in the compilations of Hindu astrono- 
mers), joined to a resemblance hardly to be supposed casual, which the Hindu 
astronomy, with its apparatus of eccentrics, and epicycles, bears in many res- 
pects to that of the Greeks, be thought to authorize a belief, that the Hindus 
received from the Greeks that knowledge which enabled them to correct and 
improve their own imperfect astronomy, I shall not be inclined to 
dissent from the opinion." In another article Colebrooke observes (p. 449) :— 
“Taking into consideration the analogy, though not identity, of the Ptolemaic 
system or rather that of Hipparchus, and the Indian one of eccentric deferents 
and epicycles, no doubt can be entertained that the Hindus received hints from 
the astronomical schools of the Greeks." 


WHITNEY 


Now a resume* of the views of Whitney and Burgess will be presented to you. 
First the result will be reproduced of the comparative view taken by Whitney 
in the chapter on true places in the English Translation of the Sūrya-Siddhānta, 
in respect of the problem of the true positions and motions of planets dealt 
with in Greek and Hindu astronomy. Whitney observes : ‘It is evident in 
the first place that in all their grand features the two systems are essentially 
the same. Both analyZe in the same manner with remarkable success the 
irregularities of the apparent motions of the planets into the two main ele- 
ments of which they are made up, and both adoptt he same method of represen- 
ting and calculating those irregularities. Both substitute likewise eccentric 
circles for the true eliptic orbits of the planets. Both agree in assigning to 
Mercury and Venus the same mean orbit and motion as to the sun, and in 
giving them epicycles which in fact correspond to their heliocentric orbits, 
making the centre of those epicycles, however, not the true, but the mean 
place of the sun, and also applying to the latter the corrections due to the 
eccentricity of the orbit. Both transfer the centre of the orbits of the superior 
planets from the sun to the earth, and then assign to each, as an epicycle, the 


* Some of Whitney's arguments have been examined in the proper context. Some of 
those already examined will be again dealt with further. 
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earth's orbit ; not, however, in the form of an ellipse, but in that of a true 
circle ; and here too both make the place of the centre of the epicycle to depend 
upon the mean instead of the true place of the sun........Tue differences 
between the two systems are much less fundamental and important. The 
moon's evection, the discovery of Prolemy, is equally wanting in the Hindu 
astronomy. And another innovation introduced into Greek system by Pto- 
lemy is unknown to the Hindus. Ptolemy applies first the whole correction 
for the eccentricity of the orbit and then corrects the place thus obtained, for 
the parallax of the earth's position. The Hindus, on the other hand, apply 
both the corrections twice. The change of dimensions of the epicycles in thel 
odd and even quadrant is also a striking peculiarity of the Hindu system." 


In his final verdict Whitney writes : "The application of bija (empirical 
correction) to the elements of the Sūrya-Siddhānta is calculated at least to 
suggest the suspicion that Muslim science may have had something to do with 
it. That observation and the improvement of their system by deductions 
from observation were ever matters of such serious earnestness with the Hindus. 
that they should have been led to make such amendments independently, is 
yet to be proved*..... The Hindu system is not one of nature ; it is a thorou- 
ghly artificial structure, full of arbitrary assumptions, of absurdities even 
which have no foundation in nature, and could be invented by one as well as. 
another. We need only to refer, as instances, to the framework of monstrous 
chronological periods to the common epoch of the commencement of the Iron 
Age, With its exact or nearly exact conjunction of all the planets- to the form of 
statement of the mean motions, yielding recurring conjunctions, at longer or 
shorter intervals-to the assumption of a starting-point for the planets at or near 
Zeta Piscium-to the revolutions of the apsides and nodes of the planets-to the 
double system,of epicycles-to the determination of planetary orbits etc., etc. 
These are plain indications that the Hindu science emanated from one centre 3 
that it was the elaboration of a period and of a school, if not of a single master, 
who had power enough to impose his idiosyncracy upon the science of a whole 
nation." ‘The question, then, of the comparative antiquity of single treatises** 
is lost in the higher interest of the inquiry-when, where and under what in- 
fluence originated the system which they all agree in representing?...... We 
regard the Hindu science as an offshoot from the Greek, planted not far 
from the commencement of the Christian era, and attaining its fully developed 
form in the course of the fifth and sixth centuries. The grounds of this opi- 
nion we Will proceed briefly to state. There can be no question that, from 
what we know in other respects of the character and tendencies of the Hindu 
mind, we should not at all look to find the Hindus in possession of an astro- 
nomical science containing so much of truth. They have been from the begin- 
ning distinguished by a remarkable inaptitude and disinclination to observe, 
to collect facts, to record, to make inductive investigations.... The Hindus 
have ever been weak in positive science ; metaphysics and grammar with, 
perhaps algebra and arithmetic-being the only branches of knowledge in which 
they have independently won honourable distinction.... The infrequency of 
references to the stars in the early Sanskrit literature, the late date ofthe earliest 


* He means to say that the observations of Hindus had not reached that degree of ex- 
cellence. Though not quite convinced of the truth of this assertion Whitney suggests that the. 
Hindus may have borrowed their bija correction from some Muslim work. ‘This shows the 
attitude he has taken up. 


** This refers to the estimates about the date of the Sūrva-Siddhānta. 
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mention of the planets, prove that there was no special impulse leading the 
nation to devote itself to the studying the movements of the heavenly bodies. 
All evidence goes to show that the Hindus, even after they had derived frem 
abroad a systematic division of the ecliptic, limited their attention to the two 
chief luminaries; the sun ard the moon, ard contented themselves with es- 
tablishing a method of maintaining the concordatce of te selar year with the 
order of the lunar months. 1f, then, at a later period, we fird them in posses- 
sion of a full astronomy of the solar system, our first impulse is to inquire, 
whence did they obtain it 7’ ŪA closer inspection does rot terd to inspire 
us with confidence in it as of Hindu origin. The whole system may te di- 
vided into iwo portions : one containing truth successfully deduced, the other 
composed of absurd imaginations drawn from Pauranic literature. The 
question presses itself, then, strangely upon us, whether these two portions 
can possibly have the same crigin : whether the scientific habit of mind which 
could lead to the discovery of the one is compatible with those traits which 
would permit its admixture with the other. But most especially, could a sys- 
tem foundec—as this, if original, must have been-upon protracted observation 
of the heavenly bodies, so entirely ignore the ground—work upon which it 
rested, and refuse and deny all possibility of future improvement by like 
means, as does this Hindu system, in whose text-books appears no record of 
an observation, and no confessed deduction from observations ; in which 
the astronomer is remarded to his text-book as the sole ard sufficient source 
of knowledge, nor even taught or counselled to study the heavens except for 
the purpose of determining his longitude, his latitude ard the local time? 
Surely, we have a right to say that the system, in its form as Jaid before us, 
must come from another pecple or another generation then that which laid its 
scientific foundation ; that it must be the work of a race which either had 
never known, or had had time to forget, the observing habits ard the induc- 
tive methods of those who gave it origin. But the hypothesis that an earlier 
generation in India itself performed the labours of which the later system- 
makers reaped the fiuit, is well-nigh excluded by the abserce, already referred 
to, of all evidence in the more ancient literature of deep astronomical investi- 
gation : the other alternative, of derivation from a foreign source, remains, if 
not the only possible, at least the only probable one.” The absurdities to which 
Whitney ailudes here consist of the Yuga system etc. But in rejecting the 
Yuga sysiem which had struck a deep root by tradition among our people, 
one would only incur the stigma of anti-Vedic heresy as is evident from the 
strictures passed by Brahmagupta against Remaka. Cur astronomers, of 
course, could not take that risk. Although this may be a serious lapse from 
the European point of view, it is not so from ours. On the contrary we would 
rather appreciate the ingenuity that they displayed in reconciling the Yuga 
system with the hard facts of their science. 


Whitney further observes : ` We come, then, next to consider the direct 
evidences of a Greek origin. The system of epicycles is essentially alike ar.d 
the same in both systems. Now, notwithstanding the fact that such secondary 
circles do in fact represent, to a certain degree, true quantities in nature, there 
is yet too much that is strange and arbitrary in them to leave any probability 
to the suppositions that the two nations could have devised them indeperdently. 
But there are sufficient grounds for believing the Greeks to have actually 
created their own system, bringing it by successive steps of elabroatiom to the 
form in which Ptolemy finally presents it. The Greeks tell us what they owed 
to the Egyptians, what to the Chaldeans : we trace the conceptions which 
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were the source of their scheme of epicycles, the observations on which it 
was based, the inductive and deductive methods by which it was worked out 
and established. ln the Hindu astronomy on the other hard, we find neither 
the conceptions, ror the observations, nor the methods : the whole is gravely 
put forth as a complete and perfect fabric of divine origin and immemorial 
antiquity. On the agreement of the two sciences in point of numerical data 
we will not lay any stress, since it might well enough be supposed that boo 
nations, if once set upon the same track toward the discovery of truth, wo 

arrive independently so near an accordance with nature and with uld 


another.” One 


The scheme of epicycles is not independent in each of the two systems 
It appears probable that the two systems were inter-related in this respect 
Whitney, however, does not clearly admit the obvious fact that since the 
numerical data of the two nations do not agree, it follows that their labours 
were being carried on independently ; nevertheless, his phrase, *two nations 
once set upon the same track towards the discovery of truth" amounts to a 
tacit -admission that the reseatches of the Hindus were independént. Surely 
no one would say that the researches continued for a day or two and then 
ended up with the production of some scientific work. The reason why we 
have no records of ancient observations has already been explained before 
on page 1. 


Whitney then continues : ‘The division of the circle, into signs, degrees 
minutes and seconds, is the same in both systems. Now the names of the 
first sub-divisions, the signs, are the same in Greece and in India. But with 
the Greeks they belong to certain fixed arcs of the ecliptic, being derived from 
the constellations occupying those arcs ; with the Hindus they are applied to 
successive arcs of 30^, counted from any point that may be chosen : this is an 
unambiguous indication that the latter have borrowed them, and forgotten 
or neglected their original significance." The author for one, considers it 
particularly important that we disregarded the original significance of the 
names Aries, Taurus etc. and applied the names to equal divisions, for these 
names have got no importance of their own. And even if it be true that they 
were borrowed from others, they were borrowed before Hipparchus, probably 
from the Chaldeans, as has been shown further on. Whitney then adds: 
**The Hindu term for ‘minute’ is no Sanskrit word but taken directly from 
Greek, being liptā. The regents of the days of the week also are not of Hindu 
origin. On tracing the institution of the week to its very foundation, we find 
there another Greek word, horé. Once more, in the cardinal operation of 
finding the true place of a planet, we see that one of the most importaat data, 
the mean anomaly, is called by another name of Greek origin, namely Kendra. 
These three words, occurring where they do, not upon the outskirts of the 
Hindu science, but in its very centre and citadel, amount of themselves almost 
to full proof of its Greek origin ; taken in connection with the other con- 
current evidences, they form an argument which can neither be set aside nor 
refuted. Moreover, the Hindu treatises and commentaries often refer to the 
yavanas, *Greeks" or ''"Westerners," and to ‘‘ Yavandcaryas,’’ ‘the Greek 
(or Western) teachers” ; and floating traditions* are met with, to the effect that 
some of the Siddhàntas were revealed to their human promulgators in Romaka- 
city, that is to say, at Rome. Farther witness to the same truth, deducible 


* This refers to p. 37 verse 7. 
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from other coincide.ces of the two systems, we pass unnoticed here". The 
question relating to the days of the week has bzzn considered before (p. 275). 
The horás aud the days of the week have nothing to do with the knowledge 
of the true places and motions of planets, even though they did not originate 
with us. Keadra and liptā will bə dealt with later. In conclusion Whitney 
observes : “The question next arises, when and in what manner the know- 
ledge of astronomy was communicated from Greece to India. In reply to 
this, only probabilities offer themselves, yet in some points the indications are 
pretty distinct. It is, in our owa view, altog>ther likely that the science came 
in connection with the lively commerce waich, during the first centuries of 
our era, was carried on by sza bztwē>n Alexandria as the port and mart of 
Rome, and the western coast of India and thatis why Ujjayin became the chief 
site of the Hiadu science. Had the Hindus derived their knowledge overland, 
through the Syrian, Persian and Bactrian kingdoms, the name of Rome would 
not have stood forth with such prominence and some city other than Ujjayin 
would have been the cradle of the new science. The absence from the Hindu 
system of any of the improvements introduced by Ptolemy into that of the 
Greeks and the fact that the numerical elements adopted by the Hindus vary 
considerably from those of the Syntaxis tend strongly to prove that the trans- 
mission of the principal ground work of the Hindu science took place before 
thetime of Ptolemy. Whether the information was transmitted through 
the medium of Hindus who visited the Mediterranean, or of learned Greeks 
who made the voyage to India, or by the translation of Greek treatises, or by 
what other methods, we would not at present even offer a conjecture. What- 
ever may have been the date of the first communication of that information, 
there is good reason to suppose that its final reduztion to its present form did 
not take place until some time during the fifth and sixth centuries when the 
initial point of the fixed sphere coincided with the equinox. It is evident that 
the elaboration of the system must have been a work of time, probably of 
many generations. Among the changes of method introduced the most 
useful and important was the substitution of sines for chords* ; the general 
substitution of an arithmetical for a geometrical form also deserves particular 
notice. That no great amount of geometrical science is implied in any part 
of the system is very evident ; the equality of the square of the hypotenuse 
to the sum of the squares of the base and perpendicular—the comparison of 
similar right-angled triangles—the formation and combination of proportions, 
the rule of three—are the characteristic features of the early Hindu mathe- 
matical knowledge, as displayed in the Sūrya-Siddhānta. Of other treatises 
Which give evidence of knowledge more profound in arithmetic and algebra, 
we cannot at present speak." It is our good fortune, indeed, that a modicum 
of praise has fallen to our share from Whitney’s pen at last. The writer can- 
not, however, help adducing here an instance of Whitney's biassed attitude. 
It consists in this that even though it has become clear at several places, as 
well as on Whitney's own showing, that the Hindus have borrowed nothing 
from Ptolemy’s works, he characterizes as “not an altogether impossible 
supposition” the view expressed by Biot that the Hindus obtained their sines 


directly from the chords of Ptolemy or Hipparchus**. Anotherinstance of 
Whitney'sline of reasoning has already been cited while discussing the question 
of apsides and nodes. (p. 71). 

* Though not italicized —by Whitney, these words are printed in bold type in tne Marathi 


Ce) LJ 
** Translation of the Sūrya Siddkānta, p. 284. 
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Burgess 


Let us now turn to the verdict of the Rev. E. Burgess. Burgess was living 
in India for a number of years and he hada fair knowledge of our manners and 
customs ; on the other hand, Whitney, living in America, was utterly ignorant 
in this respect. Evidently Burgess was more competent than Whitney to deliver 
judgment on this question. Burgess writes :—‘‘I had prepared a somewhat 
extended and elaborate essay on the history of astronomy among the Hindus, 
But owing to the length of this essay it was not thought advisable to insert 
it here. However, as my opinions on some points differ from those advanced 
by Prof. Whitney in his very valuable additions to the notes upon the transla- 
tion, it seems necessary for me to present at least a brief summary of the results 
at which I arrived in that essay in reference to the points in question. Prof. 
Whitney seems to hold the opinion that the Hindus derived their astronomy 
and astrology almost physically from the Greeks—and what they did not 
borrow from the Greeks, they derived from other people, as the Arabians, 
Chaldeans and Chinese, I think he does not give the Hindus the credit due to 
them and awards to the Greeks more credit than they are justly entitled to. 
I admit that the Greeks, at a later period, were the more successful cultivators 
of astronomical science. And yet, I] must think the H:npus original in regard 
to most of the elementary facts and principles of astronomy and for the most 
part also in their cultivation of the science and that the Greeks borrowed from 
them these facts and principles. For the sake of clearness, I should state 
more specifically a few of the more important facts and principles of this 
nature. (1) The division of THE ZoDiAC into twenty-seven or twenty-eight 
asterisms 1s common, with slight modifications, to the Hindu, Arabian and 
Chinese systems. (2) As for the division of the Zodiac into twelve signs, 
the names of the signs are, in their import, precisely the same in the Hindu 
and Greek systems. The theory of the division and the names of the parts 
having proceeded from one original source is unquestionably the correct one, 
(3) The theory of epicycles adopted for finding the motions and true places 
of planets is common to the Hindu and Greek astronomies. The coincidenc 
of the two systems in this respect is such as would preclude the idea of indepene- 
dent origin or invention. (4) Coincidences and even a similarity in some parts- 
between the systems of astrology received among the Hindus, Greeks and 
Arabians strongly indicate for those systems, in their primitive and essential 
elements, a common origin. (5) The names of the five planets knowa to the 
ancients, and the application of these names to the days of the week. 

In regard to these specifications I remark in general :— 

First, in reference to no one of them do the claims of any people to the 
honour, of having been the original inventors or discoverers appear to be 
better founded than those of the Hindus.” 

“Secondly, in reference to most of them, the evidence of originality I 
regard as clearly in favour of the Hindus ; and in regard to some, and those the 
more important, this evidence appears to me nearly or quite conclusive." 

«A brief remark, for the sake of clearness, seems called for in reference 
to each of the above five specifications : 

(1) As regards the twenty-seven or twenty-eight asterisms, the undoubted 
antiquity of this division, even in its elaborated form, among the HiNDUS, 
in connection with the absence or paucity* of such evidence among any other 
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This point did not strike Whitney. 
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people incline me decidedly to the opinion that the division is of a purely 
Hindu origin. This is still my opinioa, notwithstanding the views advanced 
by M. Biot and others in favour of another origin. (2) ‘As regards the division 
of the Zodiac into twelve parts and the names of those parts, the use of this 
division, and the present names of the signs, can be proved to have existed in 
India at as early a period as in any other country and there is evidence less 
clear and satisfactory, it is true, yet of such a character as to create a high 
degree of probability, that this division was knowa to the Hindus centuries 
before any traces can be found in existence among any other people. As 
corroborative of this position, I may be allowed to adduce the opiaions of 
Īdcler and Lepsius as quoted by HuMaoLDr* :‘‘Idcler is inclined to believe 
that the Orientals had names, but not constellations, for the Dodecatomeria 
and Lepsius regards it as a natural assumption that the Greeks should have 
added to their own the Cnaldean constellations from which the twelve divisions 
were named.” Whether Idcler meant by “Orientals” the Chaldeans, or some 
other eastern people, the application of the term to the Hindus exactly suits 
the supposition of the indian origin of the division in question, since in Indian 
astronomy the names of the signs are merely names of the twelve parts of the 
ecliptic, and are never applied to constellations. Humboldt’s opinion is, 
that the twelve divisions of the ecliptic with the namss of the sigas, came to 
the Greeks from Chaidea. T think the evidence preponderates in favour of a 
more eastern, if not a Hindu, origin. (3) The theory of epicycles. The 
difference in the development of this theory in the Greek and Hindu systems 
precludes the idea that one of these people derived more than a hint respecting 
it from the other. Bat so far as this point alone is concerned, we have as 
much reason to suppose the Greeks to have been the borrowers as the con- 
trary ; but other considerations seem to favour the supposition that the Hindus 
were the original inventors of this theory. (4) As regards astrology, there is 
not much honour, in any estimation, connected with its invention and culture. 
The coincidences that exist between the Hindu and Grezk systems are too 
remarkable to admit of the supposition of an independent origin for them. 
But the honour of original invention, such as it is, lies, I think, between the 
Hindus and ihe Chaldeans. The evidence of priority of invention and culture 
seems, on the whole, to be in favour of the former ; the existence of three or 
four Arabic and Greek terms in the Hindu system being accounted for on the 
supposition that they were introduced at a comparatively recent period. Īn 
reference to the so-called Greek words found in Hindu astronomical treatises, 
I would remark that we may refer them with propriety to that numerous class 
of words common to the Greek and Sanskrit languages which either came to 
both from a common source or passed from the Sanskrit to the Greek at a 
period of high antiquity ; for no one maintains that the Greek is the parent of 
the Sanskrit, to the extent indicated by this numerous class of words, and by 
the similarity of gram natical inflections in the two languages. (5) Herodotus 
"says : “The names of the gods came into Greece from Egypt". The names of 
the planets are names of gods. Herodotus's opinion indicates the belief of 
the Greeks in reference to the origin of these names. As to the application 
of the names of the planets to the days of the week, it is impossible to deter- 
mine definitely where it originated. Respecting this matter, Prof. H. H. Wilson 


-Observes : ‘‘The origin of this arrangement is not very precisely ascertained 
as it was unknown to the Greeks, and not adopted by the Romans until a 


* Burg:ss has cited the sources from whicn all these quotations nave been taken ; but there 
is no need to repeat them here. 
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late period. It is commonly ascribed to the Egyptians and Babylonians, but 
upon no very sufficient authority, and the Hindus appear to have at least as 
good a title to the invention as any other people." 


“One word on the claims of the Arabians to the honour of original invention 
in astronomical science. And first, they themselves claim no such honour. 
That the Arabians were thoroughly imbued with a knowledge of the Hindu 
astronomy before they became acquainted with that of the Greeks, is evident 
from their translation of Ptolemy's Syntaxis. It is known that this great 
work of the Greek astronomer first became known in Europe through the 
Arabic version. In the Latin translation of this version, the ascending node 
is called ‘‘nodus capitis", i.e., “node of the head", and the descending node, 
nodus caudee, "node of the tail"—which are pure Hindu appellations. This 
tact with other evidence, clearly shows the influence of Hindu astronomy on 
that of the Arabians. Taking all these facts into account, the supposition 
that these people were the inventors is altogether untenable.” 


“As regards the resemblance between the Greek and Hindu methods of 
calculating the true places of planets, I think that only hints could have passed 
from one people to the other, and that at an early period ; for on the supposie 
tion that the Hindus borrowed from the Greeks at a later period, we find it 
difficult to see precisefy what it was that they borrowed ; since in no case do 
numerical data and results inthe systems of the two peoples exactly correspond, 
And inregard to the more important of such data and results—as for instance, 
the amount of the annual precession of the equinoxes, the relative size of the 
sun and the moon as compared with the earth, the greatest equation of the 
centre for the sun—the Hindus are more nearly correct than the Greeks, and 
in regard to the times of the revolutions of the planets they are very nearly as 
correct. There has evidently been very little astronomicai borrowing between 
the Hindus and the Greeks. And in relation to points that prove a communi- 
cation from one people to the other, I am inclined to think that the course of 
derivation was the opposite to that supposed by Colebrooke—from east to 
west rather than from west to east ; and I would express my opinion inrelation 
to astronomy, in the language which this eminent scholar uses in relation to 
some coinciderces in speculative philcscphy and religious dogmas, especially 
the doctrine of metempsychosis, found in the Greek and Hindu systems, which 
indicate a communication frem cne ptcple to the other : “I should be dis- 

Iposed to conclude that the Indiars were, in this instance, teachers rather than 
© arners." 


Thibaut 
The author now presents the views of Dr. Thibaut. In his Introduction 
to the Pancasiddhantika (page 53) he observes :— 


"Taken together the five Sicdhartas appear to enable us to form a fairly 
accurate notion of the transition of ald Irdian estronomy into its modern 
scientific form. The Paitémaha Siddhnāta, in the first place, is the representa- 
tive of the prescientific stage of astronomical kncwledge. The Vasistha 
Siddhānta, while apparently more advanced than the Paitámaha Siddhānta, 
yet seems to have been decidedly inferior to the sastric Siddhantas. We» 
therefore, shall most probably not be mistaken in assigning it to the perio 
marking the transition from the old purely indegenous systems to those works 
which were constructed altogether on the basis of Greek Science, The three 
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remaining Siddhàntas fail under one category, all of them, however much 
they differ in details, representing the modern phase of Hindu astronomy 

which is completely under the influence of Greek teaching. The general 

features of that phase are too well known to require restating in this place. 

We may, I think, discern certain features in which the Romaka and Paulisa 

Siddhàntas agree, while at the same time differing from the Sūrya Siddhānta. 

In the Sūrya Siddhānta only modern Hindu astronomy has fully assumed that 

type which it has since preserved.... That the similarities observed between 

the Greek and Hindu systems are due to a transfer of the elements of the former 

to India will at present be hardly called into doubt ; and it certainly appears 

highly probable that the Pauliša and Romaka Siddhantas were the earliest 

Sanskrit works in which the new knowledge imported from the west was 

embodied. Īt certainly is no fortuitous coincidence that one of these two 

siddhantas whose names point to the west (the Romaka) used the tropical solar 
year and calculated its ahargana for the meridian of Yavanapura ; and that the 

other (the Pauliša) expressly stated the difference in longitude of Yavanapura 

and Ujjayini*. While thus the general question as to the sources of scientific 
Hindu astronomy admits of one answer only, doubts begin to suggest themselves 

as soon as we proceed to ask from what particular Greek works the early 

Siddhanta writers may have borrowed and to what time the first transmittance 

of astronomical knowledge has to be assigned. Prof. Whitney has expressed 

the opinion that the absence from the Hindu system of any of the improvements 

introduced into Greek astronomy by Ptolemy seems to favour the conclusion 
that the original transmission of astronomical knowledge into India took 
place before Ptolemy, which would account for many differences in detail 
between the Hindu system and the teaching of the Syntaxis. Now with this 

view we certainly may agree so far as to consider it altogether improbable 
that the Hindu system should have based directly on Ptolemy's work. Assum- 
ing the Hindus to have been acquainted with Ptolemy's work, how shall we 
explain the numerous discrepancies in essential items of doctrine such as, for 

instance, the different dimensions assigned to the epicycles of the planets by 
the Hindus and Ptolemy ? But nevertheless it would be hazardous to con- 

clude therefrom that the beginnings of scientific Hindu astronomy go back 
to a time earlier than that of Ptolemy. The whole question indeed is rendered 
incapable of decisive treatment by the fact that our knowledge of Greek astro-: 
nomy anterior to Ptolemy is so very imperfect. 


A few points, however, which bear upon it may be briefly referred to. 
As is well known, the theories of the sun and moon were already settled in all 
important points by Hipparchus and merely borrowed from him by Ptolemy. 
It would therefore, not be impossible that any scientific Hindu work, confining 
itself to an expositicn of the motion of the Sun and Moon and of rules for the 
approximate calculation of their eclipses, should have originated in the period 
intervening between Hipparchus and Ptolemy. Hipparchus again had already 


given determinations of the mean periods of revolution of the five planets 
* 


The Paitcasiddhāntikā edited by Thibaut gives the reading Yavandntaraja in place of 
yavattāccarajā occuring in the couplet quoted on page 15 and the context shows 
it to be correct. In tne lignt of tnis reading the verse would mean tnat tne Longitudinal 
distance of Avanti (Ujjayinī) from Yavanapura is ghatis 7-20 and tnat of Varanasi is 9 

ghatis. Yavanapura appears to be Alexandria. According to accurate modern measures, 
tne longitudinal distance of Ujjayini from Alexandria is 7g 38P and that of Vararasi 13 


8g-51p, whicn means that the figure given in tne Paricasiddhàántika for Ujjayini is 2? short and 
that for Vàránasi is 1? in excess. 
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which Ptolemy found as mzans to correct in som: very unimportaat details 
only. Oa the other hand, it had indesd not escap>1 Hipparchus that the true 
motions of the planets can be satisfactorily ex plained, only if we recognise 
two distinct inequalities ; but he had not undertaken to separate those in- 
equalities in each case and so to esta blish a workable theory of the planets. 
The latter achievement Ptolemy dist inctly claims for himself, and we there- 
fore must conclude that any Hindu work such as, for instance, the Sarya 
Siddhànta in which the anomaly* of the apsis and the anomaly* of the conjunc- 
` tion are clearly distinguished are later than Ptolemy from whom along, directly 
or indirectly, they could have derived their theory. The Paīcasiddhāntikā 
says nothing about any planetary rules being given in the Romaka Siddhānta, 
and that treatise in its original form, might, therefore, possibly have been one 
confining itself to a system of luni-solar astronomy. But none of these con- 
siderations compel us to date the Romaka Siddhünta earlier than Ptolemy. 


“The Vasistha and Paulisa Siddhāntas treated of the planets also, as we 
learn from the last chapter of the Paūcasiddhāntikā. The earlier set of rules 
given there apparently distinguishes the two planetary inequalities ; but as 
we understand the text orly very partially, I cannot undertake to discuss the 
connection of those rules with the Greek science. As far the rules given in 
the last part of that chapter, they apparently take into account only the anomaly 
due to the planet's distance from the sun while the anomaly due to the apsis 
is neglecied, and it might perhaps be conjectured that they represent a stage 
of the theory of planets more primitive than that of Ptolemy. The mean 
motions attributed to planets in that chapter differ from those determined by 
Hipparchus and Ptolemy. But these facts do not, after ail, supply valid reason, 
for supposing any knowledge of astronomical matters to have reached India 
from Alexandria before the time of Ptolemy. That certain details in the 
Indian system appear more primitive than Ptolemy’s teaching, may simply 
be due to the fact that the Indian astronomers, with their strictly practical 
tendency, did not aim at any great accuracy and neglected what in their view 
would not affect the result of their calculation to an appreciable degree. And 
there is yet another very important consideration which may account for the 
divergencies from Ptolemy on the part of Indian works of a date later than 
his ; and it is, as Biot has suggested, that the astronomical knowledge of the 
Hindus was not derived from any of the great scientific works of Alexandrian 
astronomers, but rather from the manuals used by Greek astrologers (as Biot 
suggests) and, as we may add, almanac makers. ‘The astronomical views 
of these men may be presumed to have been rather imperfect and to have 
diverg:d in more than one point from the theories of the great scientific astro- 
nomers, and it will not be improper to suppose that they might have preserved 
'elements of older, long antiquated doctrines. The Pauliša Siddhānta does 
not contain theory, but simple practical rules of calculation. If it be 
supposed that their manuals also contained similar rules, the assumption 
would, 1 believe, be!p to render the whole process of transmission more intelli- 
gible. If we suppose that only a very imperfect knowledge of Greek asīronomy 
was transmitted to India, and that Hindu Jyotisas endeavoured to erect on 
that basis a complete system of their own, we can understand how there came 


into existence works of the types of the Sūrya Siddhānta which, although 
MEE EE, e uii i d 

* Dr. Taioaut szem; to have coined tbese terms fort mandaphala & Sighraphala 
respectively, tlie more familiar terms being ‘equation of centre, and ‘annual paiatax 


(R.V.V.). 
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evincing a fundamental dependence on Greek astronomy, yet show unmistak- 
able traces of originality in numerous details, remaining indeed in by far the 
greatest number of cases inferior to their original, yet hitting here and there 
on new devices and methods of undeniable merit and ingenuity.The perfect 
Hindu system would in that case have to bz characterized not either as a mere 
loan from the Greeks, nor as a mere adoption in the ordinary sense of the 
word, but rather as a combination and further development. And the merit 
of originality as far as it goes, would belong to the unknown author of the 
old Sūrya Siddhānta.” 


VERDICTS REVIEWED 


Let us now proceed to examine these verdicts. Such an examination will 
enable us to decide the extent to which foreign astronomy exerted its influence 
over Hindu astronomy. Incidentally, the author will also speak of certain 
matters which properiy belong to the conclusioa of this work, such as the various 
stages in the growih of our astronomy and nis considered opinions regarding 
some of the important or controversial questions. 

Considering first ihe mathematical branch, ail measures which caa be 
established by means of observations, such as mean motions and positions 
of planets, and the elemeats necessary for the calculation of their true motions 
and positions, that is , their equation of cenire and annual paraliax etc. have 
originated with our ancient astronomers. If the Greek astronomy influenced 
our asticnomy at all, the influence was confined to the probability that we 
derived from a foreign source, the principie that a planet’s place varies with 
its Kenara (anomaly or commutaiion), which is its angular distance from its 
aphelion or apex. This principle becam? known to us tong before Ptolemy’s 
time and thereafter our astronomy dēveloped quite independentiy. Some 
other things of minor importance might have been also imported from foreign 
nations. As regards astrology, it has been definitely concluded that this 
branch of Joytisa is indigenous to our country Now the grounds jor these 
Conclusions will be stated :— 


MATHEMATICAL BRANCH 


Let us first consider the ganita-skandia. It will be first proved that the 
Siddhāntas contained in the Paficasiddhāntikā belong to pre-Ptolemaic period 
so that other important questions will be automatically solved. Jt has been 
shown iszfore (Page i2) that these five Siddāntas are older than Ptolemy’s 
time. Thibaut, however, holds that they belong to a later period and hence 
this poiat shall be cencidcred somewhat in detail here. 


Thibaut says that the corrections known as equation of centre and annual 
parallax which are applicable to the five planets and which are found in the 
Vāsistha, Paulisa and Saura Siddhāntas must have been derived from Ftolemy’s 
works ana that, therefore, the Siddhantas must be more modern than Piolemy’s 
as if no one else in the worid could draw the same conclusions as Ptolemy 
even if he had the same material accessible to him as Ptolemy. The Romaka 
Siddhānia does not give any calculation of the places of five planets and it 
resembles the work of Hipparchus. Even then there is no reason, says Thibaut 
why it should be regarcei as more ancient than Ptolemy’s time. As a matter 
of fact there is no evidence for assigning a post-Ptolemaic date to the four 
Siddhantas beyond the ipse dixit of Thibaut. Let us now consider the other 
side of the question. 
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OTHER SIDDHANTAS OLDER THAN ROMA KA 


It will be first shown that the four Siddhāntas are older than the Romaka. 
There can be no two opinions as regards Paitāmaha Siddhānta being older 
than the Romaka. As for the remaining three Siddhāntas (Page 12) men- 
tion about two grounds has already been made to show taa: they are older 
than the Romaka. Moreover the treatment of certain points in the Vàsistha 
Siddhānta, as given in the Paūīcasiddhāntikā is* so very primitive as compared 
with that in the Romaka Siddhánta that it can easily bz ssea that the Viisistha 
is older than the Romaka. This will be admitted evea by Thibaut, as it appears 
from his remarks in the forgoing extract. Let us now coasider the case of the 
Pauliša and the Saura. The Paficasiddhantikad does not mentioa th: year- 
measure assumed by the Vāšistha ; if it does, neither Dr. Thioaut nor the author 
could detect it. Even if it be there, the mzthod given by the Siddhānta for 
finding the sun's place shows it to be sāyana, being nearly 365!—14€—32?. The 
methods of the Vāšisģha Siddhānta indicate such an infantile state of know- 
ledge that it could not have been regarded as worth copying by the later Sidd- 
hāntas. The length of the year mentioned by other Siddhāntas is about 
365% 14€ 31». The only Siddhāntas other than Romaka, which give the 
year-measure are the Pauliša and the Saura. If neither of these had bzen in 
existence before Romaka, the Romaka year-length would have been adopted 
by all the Siddhàntas. The very fact that it has not been adopted shows that 
at least the Pauliša and Saura or at least one of them must have been compiled 
earlier than the Romaka. Between the Pauliša and Saura, the Pauliša is more 
primitive than the Saura, which means that at least the Paulisa must have been 
older than the Romaka. In short, the Paitamzha, Vāšistha and Pauliša Sidd- 
hāntas are older than the Romaka. Thibaut holds that since the Vāsistha 
and Pauliša Siddhanta mention the two corrections, the equation of centre 
and the annual parallax, they must have been followers of Ptolemy and, there- 
fore, of a later date. But asa matter of fact the Siddhāntas do not at all give 
any corrections for the equation of centre and the annual parallax. The 
last chapter in the Paficasiddhàntika explains the method of calculating the 
mean and true places of planets. The author would give here a specimen of 
the calculation of a planet's place according to it, which will show the truth 
of his statement. Here is the calculation of the position of Venus**. *'Sub- 
ract 147 from the ahargaņa and divide the remainder by 584. The number 
of rises of Venus is equal to the quotient. The(mean) motion of Venus durin 
this period is equal to 5 degrees of the sign of Scorpio (i.e. 7 signs +5°) an 
.20 minutes ; and Venus, after moving through a distance equal to the degrees 
of kalàmsa (necessary for rise) in 26 days, rises in the west. The 11th part 
of the number of rises should be added to the ahargana, and the movement 
of Venus should be calculated on that basis, as follows :—During the three 
aharganas of 60 days each, it moves through 74, 73, and 72 degress ; then 
77° during the next 85 days and 14 degree in the next 3 days. Then after 
becoming retrograde, it moves through only 2? in 15 days. Thea it sēts 1n 
the west after 5 days. After 10 days more it rises in the east. After 20 days 
more it becomes direct. On each of these three occasions it moves through 4". 
Then after moving through 250? in 232 days it sets in the east ; and later on, 
after moving through 75? in 60 days it again rises in the west." This descrip- 
tion contains no reference, explicit or implicit, to the equation of centre and 
the annual parallax. 


* Some of them have been given before (on page 6). For the remain'ng, Dr. Thibaut's 
Paficasiddhantika may be consulted. 
* See Thibaut's Paūicasiddhāntikā Chapter 18, Verses 1 to 5. 
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The last chapter of the Paitcasiddhāntikā contains an exposition of crude 
rules of the movements of Venus which were determined after observing them 
in the sky several times. The Samhità works consider the movements of 
planets. It is easily seen from this and from works like the Mahābhārata 
that it was the tendency of our people to take first-hand experiences in this. 
direction. Another proof that can be cited in support of this is the fact that 
the system of beginning the year from the day of Jupiter's heliacal rising was 
in vogue for several years (page 266). It was based on naksatras. Hence, 
if any mathematical knowledge was borrowed from the Greeks at all, this. 
system must have belonged to an earlier period. The Jovian system was not 
based on calculation but on observation of the actual position of Jupiter in 
the sky ; and hence it must have required the experience of observing Jupiter's. 
true positions for centuries. A complete study of the system, therefore, 
naturally leads one to conclude that rules about the true and mean motions 
of planets, like those described above might have been formulated from actual 
experience, or rather necessity might have compelled such formulation. 
Further it has come to the author's notice that the process of calculation cited 
above from the last chapter of the Paficasiddhantika, does not agree with his- 
actual calculation of ahargana made from the Surya Siddhdnta in that work. 
Besides, the Paficasiddhāntikā describes the method of finding true positions 
of planets as given by the Sūrya Siddhānta. It, therefore, follows that the 
calculations described in the last chapter do not belong to the Sūrya Siddhānta 
nor have the processes been determined from the knowledge of the equations- 
of centre and the annual parallax, but simply from the records of observations. 
In short, the Paitàmaha, Vāšistha, and Pauli$a at any rate are more ancient. 
than the Romaka. 


ROMAKA OLDER THAN PTOLEMY 


The Romaka Siddhānta has been compiled on the basis of the works of 
Hipparchus. This point has already been discussed. Hipparchus and Pto- 
lemy are very intimately connected. Hence, if Ptolemy's work at all existed 
when the Romaka Siddhánta was transmitted to India, there was nothing to- 
prevent the former from coming here. The very fact, therefore, that it did 
not come to India proves that the Romaka was older than Ptolemy. It follows. 
then that the Paitāmaha, Vàsistha, Paulisa and Romaka are older than Ptolemy.. 


QUINTET OLDER THAN PTOLEMY 


There are additional proofs to show that these four and the Saura were: 
all older than Ptolemy, They are :—-The length of the year as adopted by 
Hipparchus and Ptolemy is the same and it has been already shown (pages 13,62) 
that we have adopted it from neither of them nor from any one else. imilarly 
none of the following features are common to Ptolemy and our Siddhànta 
Quintet, Mean motions of planets (Page 66), apsides and nodes (page 69—73) ; 
radii vectors (page 198), inclination of orbits (page 203), precession of the 
equinox (page 214) ; maximum values of the equation of centre for the lumi- 
naries and planets ; the maximum values of the annual parallax of planets: 
(page 242—7) ; obliquity of the ecliptic (page 249) ; parallaxes of the sun and 
moon (page 329) ; and the kēlārnšas of heliacal rise andset(page 331—2). It 
has been proved in the course of our study of each of these subjects that none 
of them has been borrowed from Ptolemy. Even though there is no agree- 
ment between the two sets of measures, Thibaut maintains that our works, | 
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and especially the ejuatioa of cantra aid annual parallax, are based on Pio- 
lemy's works, and he attributes the variatioas in fizures to tne disregard for 
precision on the part of Hindus. But one wao is familiar with oar Karana 
works will never agree to this view. Our works have given 75? or 78? or 80? 
as the sun's apogee, waile Ptolemy has given the value as 653? which may 
be the same as the fizure given by Hipparchus (see pages 69—72). One may 
conceivably change the figure 654° to 65° or 66? ; but how can a difference 
of 9* or 10? occur at all ? Those who understand mathematical astronomy 
will have to admit from this that the explanation put forward by Thibaut is 
not even plausible. It has been shown wnile discussing the interrelation of 
different works in the Adhikdra on Mean Motions, under the Mathematical 
Branch, how our people were keen on exactitude waen they had to borrow 
figures from other works. The PaficasiaddAintika, Brahmagupta's Khanda- 
khādya and Bhāskara's Karanakutühala may be cited as the more conspicuous 
among the instances in point. Our writers were careful to see that not even 
an error of a second should creep in. The special types of calculations relating 
to the sun, moon and the five planets given by Ptolemy are not found in our 
treatises. Ptolemy's works give Jyās (chords) while ours mention the Jyardhas 
(half chords). This diference is vely important. Even Whitney, a staunch 
Advocate of Greek astronomy, as he is, admits that Ptolemy had nothing to 
do with the Sūrya Siddhānta. Yn short, all the Siddhāntas embodied in the 
.Paficasidéhaàntikà are older than Ptolemy. The Romaka Siddhānta was 
imported into India about the beginning of the Christian era some time between 
150 B.C. and 150 A.D. The other Siddhāntas are even older than that. They 
must have been compiled at least two or three centuries before Saka era, and 
the materials on wiich they were based must have been in the process of 
formation several centuries before. It has been pointed out before that the 
order of these Siddhanias appears to be Paitam iha, Vasistha, Pauliša, Saura 
and Romaka (page 25). As the Vāsistha Siddhānta mentions Mesa and 
other signs, it does not possibly belong to a period earlier than 500 B.S ; it 
may have been compiled about this date. Even if it be supposed to belong to 
a much later period, it must have been compiled at least 50 years before 
Ptolemy, that is to say, earlier than the beginning of Saka era. Even if it be 
argued that the Romaka Siddhānta was imported into this country shortly 
"before Ptolemy, the Faulisa and Vāsistha Siddhāntas must have already been 
compiled at least 50 years before the arrival of the Romaka. The Pauliša 
Siddhānta definitely existed before the Romaka of Hipparchus was imported. 


It may have been compiled some time between 500 B.S. and the beginning of 
Saka era. 


Alberuni* states that the Pauliša Siddhanta owes its name to Paulus of 
Alexandria, and on this basis, some people believe that the Siddhünta was 
iransmitted by the Greeks ; but at the very place where Alberuni inakes the 
statement, he remarks “The Sūrya-Siddhānta was compiled by Lata ; Vasis- 
tha Siddhānta by Visnuchandra, Romaka by Srisena and Brahmasiddhànta 
by Brahmagupta." it is beyond dispute that the Vasistha, Romaka and 
Brahma, belonging to the Paficasiddhantikd were not compiled by Visnu- 
candra, Sri$ena and Brahmagupta respectively (page 4 and 8). Evidently the 
three Siddhāntas alluded to by Alberuni, are not the same as those of the 
Patcasiddhāntikā, and hence the Pauliša also which is referred to here is not 
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the one of the Paiicasiddhāntikā group*. Wherever, Alberuni has quoted. 
elements apparently from Paulisa, they are found to agree with those of the 
Puliša cited by Utpala and not with the Puliša of the Paricasiddhàntike. Another 
very important proof has been provided by a sentence of Brahmagupta quoted 
before (page 7) which indicates tnat Pulisa and Yavana were quite cirferent 
persons. it is not that the name Puliga does not occur anywhere in Sanskrit 
literature. Obviously, then, Puliša of the Pancasiddhāntikā has nothing to 
do with the Greeks. The Paulisa Siddhinta cited by Utpala did not exist in 
Varaha’s time. It must have been compiled by the Yavana referred io by: 


Brahmagupta ; and hence it must have been compiled some time between 
Šaka 427 and 550. 


MESA AND OTHER TERMS 


Let us now consider for a while the names and divisions knowa as Mesa. 
etc. No convincing proofs are available to show that Mesa and other terms: 
do not belong to us. Greek terms like Kriya, Tāburi, etc. appear in Varāha's 
Brhajātaka. But how could priority be definitely assigned as between this, 
set of names and the other set, Mesa, Vrsabha etc. ? 

Mesa and other names might be the translation of kriya, tāburi etc. or it might. 
be vice versa."* The idea of naming clusters of stars from their shapes was. 
familiar to us. The names Mrgaširsa, Hasta, Sravana owe their origir to the 
imaginary shapes of the clusters concerned. The Naksatriva Prajāpati men- 
tioned in Taittiriya Samhita has already been referred to. If it be argued that 
the regions of Hasta and Sravana are very small areas, the clusters of stars 
known as Mrga-naksatra, inclusive of the antelope's head and the hunter, 
and the naksatriya Prajāpati are spread over a region comprising more than 
one rēši. The name Brahmarsi occurs in the Mahābhārata and tbe Parāšara: 
Samhita and it is actually termed rēši. How then could it be'said for certain, 
that our people did not conceive the idea of naming the signs as Mesa, Vrsabha 
etc. ? Varāha has enumerated the symbols of rāšis thus : ** Two fishes a small 
jar, a human couple with a mace and a lute" and so on. Utpala has added 
parallel quotations in support of these descriptions from Yavanesvara and 
Satya only and not fromany Zisis. Myths about Mesa and other signs abound 
in Western literature but they are not to be found in our own mythology, 
and the terms have been used in our Literature simply in the sense of the twelfth 
part of the ecliptic. This leaves room for the suspicion that Mesa and other 
names may not be originally ours. But nothing can be positively said on this 
point. It should, however, be remembered that the system of the days of the 
week and terms like Mesa have by themselves, no significance whatsoever. 
The essence of astronomy lies in the theory and calculation of the true motions- 
and positions of planets. It was by no means an epoch-making change that 
we substituted the days of the week for the former practice of counting seven 
days or tithis, as first, second and so on, or adopted terms like Mesa, Vrsabha 
etc. in place of our original terms ** sadas?ti " etc. to denote the twelve divisions 
of the ecliptic. It has already been shown in the study of Vedénga Jyotisa, 
Pāraskara Sūtra (pt. 1 p. 100) and Mahābhūrata, that we originaly had the 
twelve parts of the ecliptic. It has also been pointed out in the study of the 


* Tnis also confirms the author’s former statement (p. 25—26) that the Surya Siddhànta of 
the Paficasiddhantikaà group was not compiled by Lāta. 


**The connection which the Yavanas have with our system of astro!cgy dces ne 
extend as far back as the or gn of astrology. 
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Vedanga Jyotisa that the system of dividing the circle into 360 degrees and 
each degree into 60 parts called minutes, must have been originally ours. 1t 
seems, bowever, that the system of indicating planets' places in terms of rasis 
may have been introduced after the Mesa and other divisions came into vogue. 


Supposing we did borrow from the Greeks the solution of the problems re- 
garding the true places of planets, the absence of the problem in the Vēšistha- 
Siddhānta shows that the Siddhānta belongs to an earlier period ; and since 
it mentions Mesa and other divisions, it follows that though Mesa and other 
names may have been imported into our astronomy from the Chaldeans or the 
Egyptians, they were not accompanied by the solution of the problem of true 
places. It would be shown later on that in all probability we obtained the 
knowledge of the problem thereafter by our owa independent efforts. In 
view of these facts it cannot be presumed that it reflects any discredit on us, 
if we derived Mesa and other names and their corresponding divisions from the 
Chaldeans or the Egyptians. It has already been explained before (pt. 1p. 139) 
that the terms were imported about 500 B. C. 


What We Borrowed from Greeks. 


That the charge, that we have no traditional record of observed results, 
no aptitude for observation, nor even the habit of observation, is false has been 
clearly demonstrated at several places before, but especially in the beginning 
of Part Ii (Page 1) in our study of the inclination of orbits (p. 203—5) 
and in the Chapter on ‘‘ Observations" (p. 221, 234). The oldest extant 
record of observation is that of an eclipse observed by the Chaldeans in 720 B.C. 
and that of the Greeks about the winter* solstice observed by Meton in 430 
B.C. But we had already been observing the solstices as far back as 1400 B.C. 
circa. The Conclusion of Part I already refers to the question regarding the 
motions and positions of planets, where it is shown that our people had the 
tendency towards observing planets. Again, the specimen of the rules regard- 
ing planets’ true positions as given by Vāšistha and Paulisa, cited above (p. 395), 
would compel one to admit that our people used to observe planets, maintain 
their record and then deduce rules on that basis. In short, there is no sense 
in the contention that the Hindus would not be able by themselves to find 


out facts inferable from observation. 


Let us now see if we have derived anything from foreigners with respect to 
mathematical astronomy. The year measure, mean motions of planets, 
aphelia and nodes, radii vectors, inclination of orbits, precession of the equinox, 
maximum values of the equation of centre for the sun, moon and the planets, 
and the annual parallaxes of the five planets, parallax of the sun and the moon, 
*kālāmšas " for the heliacal rising and setting of planets—none of these 
was borrowed from Ptolemy. Hipparchus knew only the method of finding 
the true places of the sun and moon but not those of the planets. According 
to Grant** it was not given in any of the Western works compiled before 
Ptolemy. Whitney and Colebrooke are inclined to the view that the idea of 
epicycles may have emanated from Hipparchus. The fact that Hipparchus 
has not compiled any work on the true places of planets this rules out the 
possibility of assuming that we borrowed the maximum values of the equations 


*According to Grant it was the Summer solstice that Meton observed. 
e*$ce Grant's History of Physical Astronomy, Ch XVIII and also Thibaut’s views 
on page 392 before. 
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Of centre and annual parallaxes for the five planets from the works of Hippar- 
chus. The measure of the year is the same with Hipparchus and Ptolemy. 
Even in the opinion of Whitney, Ptolemy adopted the figure for the obliquity 
of the ecliptic from Hipparchus. [t has already been shown that Ptolemy 
may have adopted from Hipparchus the apogee of the sun and the maximum 
value of its equation of centre, and neither of these values appears in our 
works. Similarly, the maximum values of the solar and lunar parallax are 
not the same with Hipparchus and our works (See page 329). Colebrooke* 
observes that the Greeks could never secure the accurate measure of the lunar 
month as was done by the Hindus. It has also been shown in the chapter on 
Observations that we owe nothing to Hipparchus and Ptolemy in respect of 
instruments of observation. 1t is therefore beyond dispute that excepting 
the ideas of epicyclic** system, .we have borrowed nothing from whatever 
is extant as the productior of Hipparchus and Ptolemy. Additional important 
evidences regarding this are as follows :—Both Hipparchus and Ptolemy knew 
that the ayana point is shifting, and they had determined 36 seconds as its 
annual motion. But our earlier works do not show any trace of this idea 
«at all. We discovered it later quite independently and fixed the annual motion 
as about 60 seconds. It matters little what the date of the origin of our astro- 
nomy is ; but if the works of Hipparchus and Ptolemy were at all known to us 
before our science was evolved, how could the precession of the equinox and 
its motion fail to find a place in our earlier works ? Secondly, Ptolemy*** 
never knew that the apsides have any motion. Our works, on the other hand, 
have assumed a motion for them, and that it is so has been proved in the 
present times. Thirdly, geometry occupied an important place in Greek 
astronomy but not in ours (See Whitney’s remarks). It is evident, therefore, 
that if we have borrowed anything at all from the works of Hipparchus and 
Ptolemy, it is nothing more than the notion of epicycles. 


If we borrowed anything at all from the Greeks, it must have been done 
before Ptolemy and Hipparchus. But what was there which the Greeks could 
claim as their own before the dates of Hipparchus and Ptolemy ? The cardinal 
function of astronomy is the calculation of the positions of the sun, moon 
and five planets. All European scholars admit that the Westerners had no 
knowledge of these subjects before Hipparchus. But the method of finding 
true places of the sun and moon by the use of the correction for the equation 
Of centre is given in the Pulisasiddhanta which was compiled before the Romaka 
of Hipparchus was imported into this country. This means that the method 
was already established before the time of Hipparchus. What then did we 
borrow from the Greeks ? 


re «ep fe sanag, qp Meas fem 11 


“The Mlecchas are Greeks. This science is very well mastered by them." 
This verse leads some to believe that we borrowed astronomy from the Yavanas 
or Greeks ; but it has been shown later on in the study of astrology that this 
verse chiefly refers to astrology. BRAHMAGUPTA’S statement shows that the 
Greeks had some work on mathematical astronomy, but as already shown 
before, it was the Puli$a Siddhànta referred to by Utpala and it was compiled 
after VARAHA, some time between Šaka 427 and 550. But our astronomy 


* Algebra, Intro P. XXII. 
a *Tbe system of epicycle will be considered later on. 
* «See footnote on p. 240. 


400 HISTORY OF INDIAN ASTRONOMY 


had already been fully developed in the original Sūrya-Siddhāntu that is, before: 
Varāha's time. The Paivasiddhāntikā, however, mentions at one place, the 
longitudinal distance of Ujjayini from Yavanapura. A verse occurs in the 
Sūrya-Siddhānta (Page 37) which purports to say that tLe Sur-gcā had 
assured Maya that he would impart astronomical knowledge to him in the 
form of a Greek in Romaka City. Similarly Šākalya's Brahma-Siddhānta. 
contains this verse : 


ASTE THAT: THAT TAT | WT a aaa WaT 1 
mapagna So $ 


* [n Salmala, which is situated 30? to the east of Lanka the Sun-god spoke. 
as follows in reply to the first question asked by Maya.” This line* occurrs 
in Sakalya's Brahma-Siddhanta. No European is so far known ever to have 
come across this line. It must, however, be considered when the matter 
comes up for impartial study. It shows that a dialogue took place between 
Maya ard Sun-god at a place (on the equator) which was situated on the 12th 
division of the earth's perimeter, that is, 30 degrees to the east of Ujjayini ;. 
but there is no place (on the equator) 30 degrees east of Ujjayini, where astro- 
nomical knowledge could have been imparted to the Hindus. Hence tbis 
statement is not reliable ; still it lends support to the story related in the Sūrya- 
Siddhānta. It makes one believe that the Greeks are in some way related to. 
our astronomy, and the fact that the system of epicycles of both is similar to a 
considerable degree, further strengthens the inference. It has, however, 
already been shown before that we have borrowed no numerical data from the 
Greeks. All things considered, one is inevitably led to infer as the Rev. £. 
Burgess does, that ** only hints could have passed from one people to the other 
and that at an early period (before Hipparchus, in the author's opinion,) 
for on the supposition that the Hindus borrowed from the Greeks at a later 
period, we find it difficult to see precisely what it was that they borrowed 
since in no case do numerical data of the two peoples exactly correspond." 


Let us now consider who received such hints and from whom. KENDRA 
is a very important term. The distance of a planet from the apsis or the apex 
is its Kendra (anomaly or commutation) and it gives rise to corresponding 
corrections known as equations of centre and annual parallaxes. Kendra may 
be a word from Greek or some other language. lt does not seem to be 
Sanskrit. The author is therefore, inclined to believe that the principle of the 
variation in the mean place of a planet due to its anomaly may have been derived 
from the Greeks. This principle is, for the first time, noticed in the Paulisa 
Siddhānta and it has been proved that the siddhānta was compiled before the 
work of Hipparchus arrived in India. Hence, it is evident that the principle was 
brought to our country before Hipparchus. Tt is clearly seen from the views 
expressed by Colebrooke and others that the epicyclic method and the above 
principle depending on it were never made use of in astroncmical calculations 
by any one before Hipparchus. But Colebrooke says that the epicyclic method 
was first devised by Apollonius before the days of Hipparchus. It was thus in- 
troduced into our astronomy through some unknown channel either by Apollo- 
hid utc i qub a ay vasa (ERO id 

*This line was communicated to the author by V. B Ketkar. He came 
across a break after verse No. 111, in chapter one, in the three UOI 
copies of Sakalya’s Brahma Siddhanta. (See footnote on page 245), b 
Ketkar's copy contians verses in continuation. of verse 111, and the verse 
above is one of these additional verses. 
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nius or someone else wLo may have teen its original inventor. lt must, cf 
course, have been imperfect in fcrm ard tkat is tLe 1eascn why the iwc metkcds, 
Greek and ours, resemble each other and yet also cifler to a corsiceratle ex- 
tent. The Pulisa Siddkānta may have had scme relation to the Greeks only 
in respect of the above principle. Tke Pulisa mentions sines, which we Lave 
not: borrowed from the Greeks ; for even Ptolemy’s works co rot contain 
them. In short, if we received anything from foreigners, it must have been 
merely some hints of the epicyclic principle either frcm the Greeks or perhaps 
from the Babylonians, and nothing else. We did not receive any detailed 


information based on observations. We were not as Ceper.dent on foreigners 
as the Europeans think. 


„Whitney and others have never cared to consider what d:fficulties stard 
in the way of an exchange of knowledge in its fullest details between two 
nations, We have been in contact with the Europeans for about the last 
300 years, ard during the last 75 years in particular tke contact has been so 
intimate that not even a tLousardth part of it could have corceivably teen 
established between any iwo rations in arcient times. But how much of their 
astronomy have we imbibed frcm the Europeans during all these years ? 
Many of us are just aware of the ccmmon place fact that the earth and otker 
planets revolve round the sun. As for the tLeory of planetary motions, onjy 
the highly educated few may have urderstcod it to a more or less extent ; 
others are perfectly ignorant of it. 


The theory of planetary motion propounded in the Greek and Hindu 
astronomy of the ancient times was doubtless by more d'fficult to understand 
than the modern theory. So much about theory taken by itself. Now, how 
many of those who understand theory really take to actual planetary calcula- 
tions ? It is true that those who understand theory can easily understand the 
method of making planetary calculations themselves. As it is, however, there 
can hardly be more than a dozen persons at present in India, who can compute 
figures from European works. To acd to this, there is only a solitary work 
compiled on the basis of European works, that of Keropant Nana, which is 
useful for astronomical calculations. When this is the state of things in these 
days, there was hardly any pcssibility of anything beyond the exchange of a 
few simple hints between two nations in ancient times when the chances of 
astronomers meeting one another were very remote and when there were 
insuperable difficulties in the way of translation of ideas. 


OUR INDEPENDENT EFFORTS 


We had begun to the study of mean motions of the Suu and Moon as early 
as 1400 B.C. (in the Vedanga Jyotisa period). Kašyapa and others have referred 
to the twelve-year Jovian cycle. The cycle was based on naksatras and had 
evidently nothing to do with the Greeks. It shows that the fact that Jupiter’s 
revolution generally takes twelve years, was well known to us in very ancient 
times and this was true also about other planets. That this knowledge was 
independently derived is evident from the planetary calculations in the Vásistha 
and Pauliša Siddhāntas of the Paūcasiddhāntikā group. It has been pointed 
out before, chiefly in the study of the Vedāriga Jyotisa and at several other 

laces that the notion of dividing the circle into degrees and minutes may 
have originally belonged to us. The original Vasistha Siddhanta which has 
nothing to do with the Greeks mentions these divisions into degrees, minutes 
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and seconds. Again, it has been demonstrated in the study of the Mahābhārata 
and in the conclusion of Part 1 that we used to study the positions of planets, 
their direct and retrograde motions and their conjunctions at a time which 
leaves no room for suspecting any possibility of connexion between the Greeks 
and Indians. The Paīcasiddhāntikā mentions broad rules stating the number 
of days which a planet once risen, requires for setting or for becoming retro- 
grade or direct. Even the modern works state such rules, but they are not 
given any prominance. They appear to occupy an independent place in the 
Paītcasiddhāntikā and Khandakhddya and in this it clearly followed a tradition, 
because attempts at establishing some such rules might have naturally been 
made before the correct theory about planetary motion was known ; and that 
such attempts were made can be seen from the oft-repeated references to them 
occurring in the Mahābhārata and from the rules given in the Paficasiddhantika, 
In short, there is plenty of evidence to show that we had been making inde- 
pendent efforts to create our own resources for formulating the method of 
calculating the true places of the sun, moon and the planets. Those resources 
blended with the principle of the equation of centre due to anomaly, stimulated 
independent thought as in the case of Hipparchus and Ptolemy, till at last 
their endeavours materialized in the form of the two notable works, the original 
Puliša Siddhànta and the original Sürya-Siddhànta. The divergence which 
is noticeable at various places as between Greek and Hindu astronomy can 
be accounted for only if it be assumed that we received nothing from the 


Greeks other than the mere suggestion regarding the equation of centre vary- 
ing with anomaly. 


Had the word ‘Kendra’ been one of Sanskrit origin, and had there been 
no reference to the dialosue between Maya and Sun, and also to the longi- 
tudinal distance from Yavanapura, the author would have arrived at the 
conclusion as the Rev. E. Burgess did, that it was the Greeks who received 
hints on astronomy from the Hindus. The suggestions which have been 
received from the Greeks were definitely important and certainly it reflects 
great credit on the Indian people who independently built up their temple of 


astronomy on those suggestions with due appreciation and candid recognition 
Of their worth. 


James Burgess says that the Hindus received the essence of astronomy 
from Ptolemy since it is only Ptolemy's works where we find the system of 
dividing a degree into 60 parts, each of which is further divided into similar 
parts. But the Vasistha Siddhānta which belongs to a pre-Ptolemaic period 
mentions such divisions and it is beyond all dispute that the basis of this 
system, the sexagesimal divisions of the day into ghatis and palas, originated 
with us. As no one among the Greeks except Ptolemy follows the system, 
it is obvious that it was Ptolemy who borrowed it from Hindus. 


Revati was not originally the first point from which the positions of planets 
were measured. It was adopted for the purpose about Saka 444. It has 
been shown before (pt. 1. P. 139) that the equinox used to occur in A$vini 
about 579 B.C. This implies, therefore, that the initial point or the 
Ašvinyādi for each of the five siddhàntas of the Paīcāsiddhāntikā 
wasnotaccordingto Dr. Thibaut's own admission, a fixed point but the 
Position of the equinox, during the period from the date of each siddhànta 
to Saka 444. This is perfectly clear so far as the Vdsistha Siddhānta 
is concerned. The Paūcasiddhāntikā does not provide any clue to the 


EPILOGUE 403 


epoch adopted by the Paulisa Siddhánta for calculation. Hence, even though its 
year measure is approximately equal to that of the sidereal year, its initial point 
must have coincided with the equinox; and since that Siddhānta was not in 
use for many years, its year measure did not affect the results obtainatle from 
it. The original Sūrya Siddhānta, however, has adopted the beginning of 
Ka'iyuga as its epoch. With this epoch and the year measure of the Siddhānta 
one finds that its Aries ingress coincided with the equinox about Saka 451 
(Page. 217). But Varàha's remarks clearly indicate that the original Sürya 
Siddhànta is not so modern. So the moments of equinoxes computed from 
the siddhānta would be liable to an error of 1? for every 60 years, to the extent 
to which its true date may be anterior to the above estimate. This leads one 
to infer that at the time of the Sūrya-Siddhānta one of the two factors—adoption 
of the Kaliyuga date as the conventional epoch of calculation or the length 
of the year—must have been different from what it was in the days of Varàha, 
and what we find recorded by Varāha must have been introduced by someone 
during a century or two before his time. In any case no numerical data in 
Ptolemy's works are found in the Sūrya-Siddhānta, and independent evidence 
is available to how that Ptolemy's siddhanta has not reached our country 
till at least Saka 500* (see page. 228) ; so, then, whatever be the date of the 
original Siddhdnta, the almost finished form in which our astronomy is found 
was reached without the help of the Greeks. Not a single proof has ever 
been produced that would compel one to assume that we borrowed from the 
Greeks some important information other than the principle of the equation 
of centre depending on anomaly. 


FOUNDATION EPOCH OF SIDDHĀNTAS 


This principle may have been transmitted to this country before the days 
of Hipparchus, that is, during the 3rd or 2nd century B.C. when the Greek 
influence had spread far and wide in India. The essentials of planetary 
calculations were already available, and the Puliša Siddhánta was compiled 
after the epicyclic principle was introduce. here. The Romaka Siddhānta 
was compiled next, and later on, our astronomy very nearly reached the stage 
of maturity in the original Sūrya-Siddhānta. Yt cannot, however, be said for 
certain whether it reached that stage a few years before or after the Saka era. 


SAMHITÀ BRANCH 


The origin of the Samhita has never been in dispute. The Samhitā includes 
several branches of physics ; and it appears that attention may have been 
naturally drawn first to this branch out of the three ; and it is creditable to 
us that the branch is our own creation. 


JĀTAKA SKANDHA 


Let us now consider if we borrowed the astrological branch from the 
Westernets. Whitney says that Whish** and Weber have discussed this question 
in the most satisfactory manner. 'The author has not seen their writings, 
he does not know how far the writers ate competent to judge this question, 


*Even in later years it does not appēar to hive arrived in our country at any time 
before Jayasimha. 

**Whish in the Trans. Lit. Soc. Madras 1827 and Weber in his Indische studien, IL 
p. 236 etc., (See. Trans. of S.S. p. 174.) 
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what materials they have drawn upon, and what their arguments are. But 


he proposes to consider the pros and cons of the question that strike him as 
worth considering. 


J«cobi* observes that it is in the works of Firmicus Maternus (336-354 A.D.) 
that we find for the first time the system of predicting the future from the 
horoscope composed of twelve houses. If the system entered India af*:r 
that date, it must have required at least a century or a half, and it is not at all 
likely that during the period of 50 to 75 years from that time up to the date 
ofVarüha, as many assix Ācārya (Scholar) authors and five Rsi (sage) 
authors should have lived and compiled works on astrology. Even this fact 
alone would suffice to prove beyone all doubt that our astrology is an indi- 
genous growth. The Titrabiblas, a work on astrology is said** to be 
compiled by Ptolemy. The Almagest, a work on the effects of planets is 
also attributed to Ptolemy. But there is no certainty about this. If this be 
supposed to be true and if it be also assumed that Ptolemy's works were 
transmitted to India immediately after their compilation, a period of about 
350 years.appears to have passed between his time (150 A.D.) and that of 
Varāha. Butit has been already shown before (Page 369) that our astrology 
can be dated back to seven or eight centuries before Varāha. Moreover, 
the nucleus of the present system of astrology is to be found in the Atharva 
Jyotisa. It mentions only nine ‘places’ instead of the twelve houses. The 
first, second and seventh of those nine Fouses called Janma, Sampat and 
Naidhana respectively are the same as the 1st, 2nd and 8th in the horoscope 
of 12 houses. The tenth naksatra from the birth-naksatra in the. Atharva 
Jyotisa is termed Karmanaksatra which under the present day system is the 
10th house known as Karmastkāna (house of occupation) The remaining 
places out of nine will be similarly found to correspond to some house or other 
out of the twelve. The system described in the Atharva Jyotisa is said to 
have been revealed by the sage Bhrgu. It has been pointed out before (pt. 1., 
p. 100) thatthe Atharva Jyotisa belongsto a period priorto the introduction of 
Mesa and other terms, that is, earlier than 500 B.S. It is, therefore, obvious 
that we had our own independent system of astrology before 500 B.S. Tt 
would be easily apparent from this that we imparted to astrology its present 
form or some form very akin to it, after we had either devised or imported 
the names of zodiacal signs about 500 B.C. The change thereby effected in 
the Atharva Jyotiga system mainly consisted in the substitution of the ascen- 
dant for the moon's place as the first house in the birth chart. An important 
point in this respect is that the term Lagna (ascendant) occurring in the 
Vasistha Siddhanta bears the same — significance as it does in astrology at 
present. The term could find a place in the Vāsistha Siddhānta only because 
the birth horoscope had come into existence ; otherwise there was no justifica- 
tion for it. It has been proved before that the date of the Vasistha Siddhanta 
may be as far back as about 500 B.S. or at least 50 years before Ptolemy. 


Thus, a vety important astrological term like lagna was in vogue amongst 
us, and that the science of natal astrology based on the birth horoscope had 
originated at a time when astrological works were conspicuous by their absence 
among the Greeks. The Brhat Samhitā contains a chapter (No. 104) entitled 
*Grahacārādhyāya" which describes the effects of the courses of planets. The 


* Weber's History of Indian Literature, page 251. 
**See. Trans. of S.S, p. 174. But even Whitney was not sure about this. 
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first place there in is. of course, assigned to the moon. The chapter refers to 
Māņdavya who was doubtless an author of the Rsi class. This indicates 
that Māņdavya's works laid stress on the lunar horoscope or at least devoted 
some thought to it. When the twelve ra@sis—Mega, Vrsabha etc. came into 
vogue, the idea of converting the nine-house system of horoscopy into a 
twelve-house one must have occurred as a natural corollary, and then as a 
natural course, the system of casting the birth horoscope was first introduced 
by Sime sage like Parāšara or Garga. That system was then communicated 
to Yavana writers, who compiled works on the subject after 150 A.D. for there 
is no astrological work of the pre-Ptolemaic period. The Yavanas may have 
developed it further. The third important point is that Utpala has shown 
the difference of opinion between Yavanesvara and Varáha at several places. 
Variha himself has cited the views of Satye$vara at many places, and it is 
clear from the Brhajjātaka that they were the only views mainly acceptable 
to him. Had Yavanas been the pioneers in the field of astrological literature, 
so much difference of opinion would not have arisen, and Varāha would not 
have treated Yavana as merely one of a multitude of authors. This shows 
that the Yavanas were not pioneers in this field. 


taser fe ga«red" rr eaaa ug | 
afas quu fe gadateafšat: no %4 N 
qeu. w. R. 


“The Mlecchas are Greeks. This science (of astrology) is well established 
among them and hence they are to be respected like sages. It goes without 
saying, then, that the Brahmin who knows fate (astrology) also ought to be 
respected all the more." 


Varāha has quoted this verse from Garga. Garga simply says here that 
the science is well established among the Yavanas. Some people are inciined 
to infer from this quotation that we entirely borrowed Jyotisa (astrology 
as well as astronomy) from the Yavanas, and that is a mistake. The context 
of the verse shows that it has nothing to do with the science of astronomy ; 
and our people never regard Jyotisa as a science confined to mathematical 
astronomy only or as representing the main brancn of astronomy. They 
regard Játaka and Samhita as the main branches. €f these two, the Samhitā 
branch has no connexion with the Y&vanas. The above verse, therefore, 
refers only to the science of astrology. This is also evident from the word 
daivavit (one who knows fate) used in it ; and the parport of the verse is : 
“This science is well developed among the Yavanas, and they are worthy of 
respect even though they are Mlecchas. Need it be said, then, that the Brah- 
mana who also understands astrology, ought to be respected ?" This does 
not mean that we borrowed the whole of the science of astrology from the 
Yavanas. 


Some are inclined to believe that since our works on astrology contain 
some ‘Yavana’ terms, astrology originally belonged to the Yavanas. But 
itis a wrong notion. Let us consider the point. Weber and Kern say that 
the Brhajjātaka contains 36 Greek words. It may now be mentioned where 
these words occur and their meanings. The following names of the twelve 
rāšis (rom Mesa onwards are given from Chapter I, verse 8 :— Kriya, Taburi 
Jituma, Kulir, Leya, Pāthena (Pāthona), Jūka, Kaurpya, Tauksika, Akokera' 
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Hridroga, Ittham; verse 9 contains the words hord (half of a sign) and dreskāna 
(decanate or third part of a sign) ; verse 15 :—Ripfa (the 12th house in the 
horoscope) ; Verse 16— Dyüna (The 7th house); verse 17 :—Kendra (angular 
houses i.e. the Ist, 4th 7th, and 10th) ; verse 18 :—Panaphara (succeeding 
houses i.e. the 2nd, 5th, 8th and 11th), apoklima (cadent houses or the 3rd, 
6th, 9th and 12th) ; hibuk (the 4th house) yāmitra (the 7th house), Trikona 
(the 5th house), mesurana (the 10th house) ; verse 20 :—‘Vesi’ (the house next 
to the one occupied by the Sun). Chapter T, Verse 2 contains :—Heli (Sun), 
Himna or Hemna (Moon), Āra (Mars), Kona (Saturn) ; Verse 3 :—Āsphujit 
(Venus). Chapter XIII, verse 3 contains the following aspects :—sunapha, 
anaphā, durudhara, kemadruma, (The sunaphā aspect occurs if any planet, 
other than the sun occupies the 2nd house from that of the Moon ; the aspect 
is 'anaphd , if it be in the fifth house ; it is durudhara, if both the houses are 
occupied by some planet ; and in the absence of any of these three, the aspect 
is kemadruma). Chapter VII, verse 10 contains the term Liptā (kala). This 
is a term from astronomy. There are thus 34 words *in all. Other additional 
words are said to be jyau and dyuta. But the author did not come across 
the word dyuta or dyūta anywhere ; if there be such a word at all, it may 
be indicative of some house. Weber appears to suggest that the word jyau is 
to be found in Chapter Il, verse 3. But the word is definitely not to be found 
there. The word ijya is found instead ; and this Sanskrit word asis well 
known, stands for Jupiter. Utpala too has taken it as ījya. The word ittham 
has also been taken by Utpala as the Sanskrit word, meaning thus. Kulir is 
a well-known Sanskrit word. Again the words Hridroga, trikona, Hemna, 
Kona cannot be said to be Greek only and not Sanskrit also. Evenifit be 
presumed that all the foregoing words are Greek, the author wonders why 
one should make a great fuss about them. It does not necessarily follow 
from the adoption of these words that the horoscope of twelve houses 
was utterly unknown to us and that we borrowed it from the Greeks. 


It has been shown before that the very idea of the horoscope first originated 
in our country ; and ifthatis true it isimmaterial that so many Yavana words 
have crept into our treatises. It will only prove that a number of works of 
Yavana writers were in wide circulation in our country, and that these words 
were admitted into our literature because the works were in circulation. The 
word book, for instance, has come into our general use these days, but the 
thing denoted by it already existed here as is indicated by the corresponding 
word pustak etc. Now supposing the book which is now so very familiar 
to us becomes extremely dominant in future, pustak may come to be ousted 

rom everyday language and relegated to literary work. Even then it would 
not mean that the idea of the thing denoted by book was originally not our 
own. This holds goed also in regard to the above list of 36 words and the 
objects represented by them. Another point for consideration is that when 
a word has several synonyms, that one is apt to be selected which is found to 
be metricaly most suitable. !n the same way, many of these 36 words have 
been used in verses for the sake of metrical convenience. At several places, 
their Sanskrit synonyms also have been used. . Out of these 36 words, there 
are 12 which stand for the names of the 12 signs, Mesa etc; even then ther 

do exist Sanskrit synonyms for them. Heli and other words represent tf 


*These words appear in the Brhajiataka at some other places also. But only the 
more important places have been ment'oned above, along with their more important 
mearings. The Brhajjātaka along with Commentary may be seen for detailed information 
for their d'fferent senses and for Sunaphā ard other aspects, 
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six planets, wluch also have Sanskrit words ; and there can be no doubt 
about the fact that we obtained knowledge about them quite independently. 
Eleven worcs including riP/a, dyūna, eic. indicate the different houses of the 
horoscope. But these too have Sanskrit synonyms for them; liptā is a mathe- 
matical term and kalā is a Sanskrit synonym for it. Now, only six words 
remain: hora, dreskāņ, sunaphā, anapha, durudhara, and kemadiuma. ‘These, 
however, have no Sanskrit. equivalents. Sunaphà etc. are names of Greek 
aspects, and we may have borrowed them from Greek works. But that is 
immaterial. Our works abound in hundreds of other aspects, and we have 
borrowed from Yavana works only four more, like sunaphā etc. which appeared 
worth adopting. 


Horā and dreskāņa are, however, words of greater importance. But 
it is not that the cream of the horoscope lies just in these two words. Cole- 
brooke remarks that our dreskāņa system is somewhat different from that of 
the Chaldeans and Egyptians. But as the three have also certain points of 
resemblance and as the word dreskāņe is not one of Sanskrit origin, he appears 
to have been led to attach importance to the word and to conclude that Hindu 
astrology is not an indigenous growth. But if his view rests only on such flimsy 
evidence it is indeed an erroneous view. 


He who fully understands astrology will easily see that it is not that hora 
and dreskūņa are very important and indispensable features of astrology. 
Their combined importance may be even less than five per cent. Hence, 
all things considered, the presence of 36 Yāvanī (Greek) words in our treatises 
does not conclusively prove that our science of astrology is not our own pro- 
duction. In short, the Jātaka branch is our own from its very inception. 
The only connexion it has with the Yavanas consists in the fact that our astro- 
logy assimilated part of Yavana system at a later stage. 


RETROSPECT AND PROSPECT 


We have already seen the various phases through which our growing 
science of astronomy has passed. If works compiled before Varāha mihira 
and those in the intervening period between Brahmagupta and Réjamrgánka 
would become accessible, we would know more of the history of the science. 
Research work in the Samhità Branch came to a standstill very soon after 
Varāha. The mathematical branch was in a flourishing condition till about 
Saka1000. Bhàskarácarya's treatises threw into the shade most of the previous 
works and from that time onwards the theory propounded in Bhaskara’s works 
came to be regarded as the alpha and omega of the knowledge of astronomy. 
As the divorce between planetary calculations and the realities of the heavens 
became more palpable in course of time, there appeared on the scene some 
annonymous bija*-finder of the Sūrya Siddhānta, as also Kešava Daivajfia and 
Gane$a Daivajüia, and they rectified the elements of the planets. They could 
not, however, revitalize the science and ensure its future growth. The correc- 
tions (bija-samskéras) proved to be mere makeshifts of the moment in the 
sthsence of the tradition of recording observations, and these corrections were in 
it ?rtain respects not quite accurate. Another great drawback of such corrections 
tas that they led to the general belief that the difference between the results 
of calculation and those of observation was due to a cumulative error traceable 


*It is not known who devised the bija (correctien) for the S. S. 
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rigat back to the beginning of the Kaliyuga, and hence the corrections were 
so devised that the error which had really accumulated in a few years was 
spread over a very long period. Consequently the corrections could not 
remain valid fer a long time, and in cērtain cases they proved useless from the 
very beginning. A glaring instarce of this is that the year-length once handed 
down in the remote past was never corrected later, with the result that at present 
the correction of the year-length has become the toughest problem affecting 
the question of calendar reform. Even though Brahmagupta noticed that 
the equinox receded a day, he distributed the difference over a period of 3700 
years according to the traditional belief, that all variations originated at the 
beginning of Kaliyuga, though in reality the difference was the result of the 
error accumulating since Aryabhata’s time, that is, a period of about 150 
years. Otherwise, Brahmagupta himself could have introduced the measure 
of the tropical year ; and once he had introduced it, calendar reform would 
not have been an uphill task as at present. Even the observations of Kešava 
and Gaņeša proved to be of littie use. Had there been a record of past observa- 
tions, it would have been of much use to them for comparing results. In 
short, although corrections were applied from time to time, they could rectify 
the planetary elements only.for the time being. 


The superstitions that our ancient works are apaurusa (divine) and perfect 
in every way, and the consequent feeling of reverence which even the paurusa 
(man-made) works of Áryabhata and Brahmagupta inspired as if they were 
also of divine origin proved very detrimental to the growth of astronomical 
science. lt engendered the belief that our duty was strictly confined to the 
occasional correction of elements whenever planetary calculations failed to 
accord with observation and that this too was not to be done independently 
but under the name of bija applicable to the original work. It was due to this, 
coupled with the fact that protracted observations ceased for want of royal 
patronage, that no new discoveries were made in India as they were made in 
Europe. The cessation of royal patronage must have been also due in a large 
measure to the self-complacence of the astroromers who believed that, thanks 
to the older treatises, they were not duty bound to do anything more. Had 
the astronomers been alive to their duty, they could have secured royal support. 
Again, owing to Muslim domination most of the eminent princes of Southern 
India had vanished after Saka 1300 and the same fate had befallen 
those of the North even earlier. The peace of the country was disturbed, and 
this also proved to be a great obstacle to the growth of the science. In spite of 
this, it is a matter for pride that in many a village like Nandgaon in the Konkan, 
Pārthapura on the bank of the Godāvari and Golagrāma, and at the academy 
of Vārānasi, there arose among our people observers like Kešava and Ganesa, 
theorists like Kamalakara, and designers of instruments like Padmanābha, 
each one ploughing a lonely furrow. When peace had hardly been restored 
under the rule of the Marathas and Peshwas, when the tradition of taking 
observations was just being revived by designers like Cintamani Diksit (P. 174) 
and when the knowledge of theory, almost lost, thanks partly to works like 
the Grahal&ghava and partly to other reasons, was just being recovered by 
scholars like Yajüesvar, the commentator of the Laghu Cintamani, the rul 
of the Peshwas ended. The efforts made by such men as Jayasimha on a 
grand scale at Delhi, Ujjain and Jaipur apparently came to an abrupt end, 
because of political unrest. Since the advent of British rule, peace reigns 
supreme and learning is being fostered. But practically no facilities have 
been provided for the critical study of mathematical astronomy and other 
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profound and interesting aspects of that science. On the contrary the printing 
press has proved to be a new menace to the growth of astronomy, for, the 
almanac-makers who were once to be found practically in every town are 
fast vanishing, being no longer in demand. |n these circumstances who 
would care to study theory works like those of Bhāskarācārya ? However, 
the mathematical branch has somehow managed to remain alive because the 
necessity of muhürtas, and the ardent desire of the people to know the future 
in the light of astrological works persist even to-day and are bound to persist 
in future to the same degree as before, and the Joshis are compelled to do at 
least some planetary calculations. Natal astrology is in a fairly good condi- 


tion, if not flourishing as vigorously as before, but that can hardly add to our 
credit. 


Copernicus compiled his work in Saka 1465. Prior to this date European 
astronomy was practically in the same condition as astronomy in India. The 
great difference between the two, however, was that the European science 
was progressive while ours was stagnant. it was not very long before Coper- 
nicus, that Ganesa Daivajfia and his father Kešava Daivajna, both of them 
research-loving scholars, were flourishing in our country. But with the advent 
of Copernicus, European astronomy passed through such a tremendous change 
that while the science of the by-gone days was comparable to the newly grown 
sapling of the Banyan tree, the latter-day-science was the Banyan tree itself, 
towering in the full-grown majesty of centuries, yielding shade and shelter to 
thousands. Ours has merely clung to the status quo ante .* 


One of the important reasons why the science of astronomy has attained 
the highest degree of excellence in Europe to-day is navigation. This does 
not hold good in our country, still there are other reasons that necessitate the 
study of astronomy. The first of these is the need of compiling the almanac, 
which includes the needs of both Dharma $àstra and Muhürta. Astrology 
is the second reason and curiosity the third. Some are of opinion that our 
old astronomy has become utterly worthless, that nothing would be amiss 
if the almanac is lost. But even a little enquiry will show them that none of 
the ancient nations put in as much effort as our ancient ancestors did in the 
sphere of astronomy, and that they could achieve much greater success in it 
than in any other empirical science like medicine. Again, if they give some 
thought to the state of things in the villages, they will come to know that 90 
or even 95 per cent of the population do require the almanac. The educated 
modernist may choose to ignore the almanac, but that does not mean that the 
common man would follow suit. In fact our astronomy owes its origin to 
the necessity of the almanac which serves as the mirror of the heavens. The 
educated people, however, would be justified in demanding that the almanacs 
should, be reformed and in wishing that our feeling of veneration towards 
astronomy should be directed to some more desirable channel. But they 
are not justified in repudiating the almanac itself or the sense of veneration 
which it inspires. 


DUTIES AHEAD 


We have already studied the question of calendar reform in elaborate 
detail and three possible modes of reform have been suggested (P .323). It 
is highly desirable that all people should carefully consider and decide by the 
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profound and interesting aspects of that science. On the contrary the printing 
press has proved to be a new menace to the growth of astronomy, for, the 
almanac-makers who were once to be found practically in every town are 
fast vanishing, being no longer in demand. |n these circumstances who 
would care to study theory works like those of Bhāskarācārya ? However, 
the mathematical branch has somehow managed to remain alive because the 
necessity of muhürtas, and the ardent desire of the people to know the future 
in the light of astrological works persist even to-day and are bound to persist 
in future to the same degree as before, and the Joshis are compelled to do at 
least some planetary calculations. Natal astrology is in a fairly good condi- 


tion, if not flourishing as vigorously as before, but that can hardly add to our 
credit. 


Copernicus compiled his work in Saka 1465. Prior to this date European 
astronomy was practically in the same condition as astronomy in India. The 
great difference between the two, however, was that the European science 
was progressive while ours was stagnant. it was not very long before Coper- 
nicus, that Ganesa Daivajfia and his father Kešava Daivajna, both of them 
research-loving scholars, were flourishing in our country. But with the advent 
of Copernicus, European astronomy passed through such a tremendous change 
that while the science of the by-gone days was comparable to the newly grown 
sapling of the Banyan tree, the latter-day-science was the Banyan tree itself, 
towering in the full-grown majesty of centuries, yielding shade and shelter to 
thousands. Ours has merely clung to the status quo ante .* 


One of the important reasons why the science of astronomy has attained 
the highest degree of excellence in Europe to-day is navigation. This does 
not hold good in our country, still there are other reasons that necessitate the 
study of astronomy. The first of these is the need of compiling the almanac, 
which includes the needs of both Dharma $àstra and Muhürta. Astrology 
is the second reason and curiosity the third. Some are of opinion that our 
old astronomy has become utterly worthless, that nothing would be amiss 
if the almanac is lost. But even a little enquiry will show them that none of 
the ancient nations put in as much effort as our ancient ancestors did in the 
sphere of astronomy, and that they could achieve much greater success in it 
than in any other empirical science like medicine. Again, if they give some 
thought to the state of things in the villages, they will come to know that 90 
or even 95 per cent of the population do require the almanac. The educated 
modernist may choose to ignore the almanac, but that does not mean that the 
common man would follow suit. In fact our astronomy owes its origin to 
the necessity of the almanac which serves as the mirror of the heavens. The 
educated people, however, would be justified in demanding that the almanacs 
should, be reformed and in wishing that our feeling of veneration towards 
astronomy should be directed to some more desirable channel. But they 
are not justified in repudiating the almanac itself or the sense of veneration 
which it inspires. 


DUTIES AHEAD 


We have already studied the question of calendar reform in elaborate 
detail and three possible modes of reform have been suggested (P .323). It 
is highly desirable that all people should carefully consider and decide by the 
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vation and to give them information about the history of our ancient works, 
in order to induce them to study the astronomical theory by tbe old or new 
methods ! Efforts made in the wav to awaken the nation as a whole are bound 
to have a more lasting, even it slow, effect as compared with the isolated 
action taken in this respect. lf our ancient instruments and ancient works are 
collected together and preserved in some principal cities in our country and if 
observatories are built for taking observations both by the ancient and modern 
methods, and institutes for study are established, the science of astronomy 
once brought to a splendid condition by our ancestors will not only recover 
its former splendour but even grow more brilliant. The threefold duty 
suggested above for Saükarüc&rya and others in respect of the question of 
calendar reform is only the first step towards curing the malady. But we 
ought to aim at some achievement of lasting value rather than ephemeral 
results. This tree of astronomy was planted in excellent soil in our country 
and was growing vcry vigorously in ancient times. It was being watered 
from time to time. People used to feel gratified on tasting its fruit. The 
fragrance of its flowers had not only spread far and wide not only inthis country 
but had also reached even the remote lands of the earth. And although in 
very ancient times some wind-borne clouds of distant skies—the foreign astro- 
nomers—may perchance have let a few drops of water fallinto its basin, history 
shows beyond doubt that the seed thus begotten was wafted back to those 
foreign lands and a new tree of astronomy began to grow there, or the old 
one was revived. Glorious and flourishing as our tree was, its growth was 
arrested in course of time. It ceased to receive water; and naturally its 
tender foliage has withered. The tree is now feebly clinging to life somehow, 
thanks to the water received in ancient times and the few drops that trickled 
down later on rare occasions, and it is still yielding fruit of a sort, sour and 
bitter. As we look abroad, however, we find that the sapling which owes 
its origin or revival to this very tree on the Indian soil has grown and is still : 
growing so vigorously that thousands of people are getting shelter in its shade. 
The astounding expansion of the offspring would hardly lead one to suspect 
that it had ever any kinship with the parent tree in India. 


The reason why such a glaring contrast has arisen is mainly that the science 
abroad has been nurtured on the labours of the observatories. May Savitā 
the Almighty inspire all of vs to endeavour in order that observatories may be 
established in India, ar d that our science, revitalized ard set on the path of 
progress, attain the ecme of perfection. And now that the time is ripe for 
planting the seeds of kncwlecge, as already remarked, may we have facilities 
for renovating the science as was sought to be dore from time to time in the 
past, in the guise of empirical corrections (bijasamskāra) and is still being done 
to some extent. And may there arise, men inspired bythe self-evoived 


Savitā, who would bring about such consummation through original works 
on the science. 
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